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Art. XXI.— Researches in Acoustics; by ALFRED M. MAYER. 
Paper No. 6,* containing : 


. The Determination of the Law connecting the Pitch of a Sound with the Dura- 
tion of its Residual Sensation. 

. The Determination of the numbers of Beats, throughout the musical scale, 
which produce the greatest dissonances. 

. Application of these Laws (1) and (2) in a New Method of Sonorous Analysis, 
by means of a perforated rotating disc. 

. Deductions from these Laws leading to new facts in the Physiology of Audition. 

. Quantitative applications of these Laws to the fundamental facts of Musical 
Harmony. 


»Confonang ift eine continuirlide Diffonang, eine intermittirende Tonempfindung.“— 
Helmholtz. 


1. The Determination of the Law connecting the Pitch of a Sound 
with the Duration of its Residual Sensation. 


WHILE the durations of the residual sensations on the eye, 
corresponding to lights of various colors and intensities, have 
been the subjects of many masterly memoirs, I know of no 
attempts to determine the durations of the residual sonorous 
sensations. Helmholtz founds indeed his Physiological The- 
ory of Music on the facts that a certain number of beats per 
second produce in the ear a maximum dissonant sensation, 
while a greater number may blend into a smooth continuous 
sound; and in discussing the position in his scale of the 


* Read before the New York Opthalmological Society on March 9, 1874; and 
before the National Academy of Sciences, in Washington, on April 23, 1874. 
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“damping powers” of the co-vibrating parts of the organ of 
Corti, Heimholtz (Tonempf., p. 212 et seq.) infers, from the dif- 
ficulty of trilling on the tone notes, that the co-vibrating parts 
of the ear, set in motion by sounds of low pitch, maintain their 
vibrations longer than those excited by sounds belonging to 
higher portions of the musical scale. He says: “ Trills of this 
kind, of ten notes per second, are of a sharp and clear execu- 
tion in the greatest portion of the musical scale; below the la 
of 110 vibrations, in the grand and contra octaves, however, 
they sound bad, harsh, and the sounds begin to blend.” Yet 
it does not appear that Helmholtz ever attempted to determine 
that quantitative relation existing between the pitch of a sound 
and the duration of its residual sensation, which I will now en- 
deavor to establish. This law in its further applications will 
render quantitative many of the qualitative statements con- 
tained in Helmholtz’s renowned work. 
The method of obtaining the facts—of which our law ex- 
resses their general relation —was similar to the method used 
in the study of the analogical phenomena of light. A simple 
sound was obtained by vibrating a fork before the mouth of its 
corresponding resonator, and this sound was broken up into 
flashes, or explosions, by alternately screening and unscreening 


the mouth of the resonator, by means of a perforated disc, 
which rotated between the resonator and the fork; as is shown 
in the accompanying figure (1). The mean diameter of the 


open sectors of the disc equalled the diameter of the mouth of 
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the resonator, while the spaces of card-board between the open 
sectors was twice the width of these openings. Thus the res- 
onator’s mouth was exposed to the vibrations during an inter- 
val which equalled that during which it was screened from 
them. A rubber tube led from the nipple of the resonator to 
one ear, while the other ear was tightly closed with a lump of 
bees-wax. 

In my first experiment, I firmly clamped an UT, resonator, 
and vibrated opposite its mouth an UT, fork. I now placed 
the tube in the ear, and on slowly rotating the disc I perceived 
a series of sharply separated explosions or beats; on gradually 
increasing the velocity of the disc these expiosions gradually 
approached each other, and on reaching a certain frequency in 
their succession they blended into a continuous, smooth sensa- 
tion, similar to that experienced when the disc was removed 
and the fork vibrated gently before the resonator. I now kept 
the disc at the velocity required just to blend the separate beats, 
and I found, on timing its rotations, that the resonator was 
sending into my ear 26 explosions or beats per second. Hence, 
sonorous waves of UT, cut into 26 parts per second, or, in 
other words, divided into lengths of five waves separated by 
the same lengths of quiescence, produce the same sensation as 
that caused by an uninterrupted flow of these sonorous waves 
into the ear. I now replaced the UT, resonator and fork by an 
UT, resonator and its corresponding fork and again rotated the 
dise with the same velocity that it had during the above de- 
scribed experiment. In these circumstances I no longer expe. 
rienced a continuous sensation, but one which reminded me 
somewhat of the clatter of frogs ina marsh. This fact at once 
showed that a greater number of beats per second were re- 
quired to blend the separated pulses of a sound of higher pitch ; 
and this blending I actually obtained on sending into my ear 
about eighty beats per second of UT,. 

I now prepared a series of discs adapted to four octaves of 
resonators and forks, and with them I made the following de- 
terminations. I was not able to use an UT’, fork and resonator, 
so I substituted for the former an UT, closed organ pipe, 
gently blown, and for the latter a small funnel of gutta-percha, 
whose mouth was placed close to the dise while a rubber tube 
connected the funnel with the ear. I will here remark that in 
some series of experiments all of the resonators were replaced 
by this funnel of gutta-percha and that the results were the 
same as those obtained by the use of the resonators. I now 
obtained the aid of a friend who has a trained musician’s ear, 
and he and I arrived at the following results,—the mean of our 
separate determinations. He always required a greater num- 
ber of beats per second to obtain the continuous sensation. 
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After the experiments were finished I found that his determi- 
nations were about 5 per cent higher than mine. 

Column S of the following table contains the simple 
sounds experimented on; they are designated by the notation 
stamped by Kénig on his forks. Column N gives the number 
of vibrations* per second corresponding to the sounds of col- 
umn S. In column D are the corresponding durations of the 
residual sensations, expressed in vulgar and in decimal frac- 
tions, The reciprocal of the number of beats per second re- 
quired to produce a continuous sensation by a given sound is 
taken as the duration of the residual sensation of this sound.t 
In column L are given the number of wave-lengths contained 
in the separate impulses into which the sound had been divided 
in order to produce the continuous sensation. 


N D 


64 "0625 sec. 
128 '0384 “ 
256 0212 
384 gis = 0166 
512 0128 
640 
768 

1024 0074 


Although, at first sight, the apparatus which I have used in 
this research may appear coarse, yet experience showed that 
the accuracy of a determination depended more on the ear 
than on the mechanical appliances of our experiments ; for the 
average difference in the measures of the duration of any one 
residual sensation did not exceed the of a second. The 
perforated disc made 83 revolutions to one of the driving 
crank, and if the disc has twelve perforations, then the above 
difference of 53'55 of a second is given by the difference be- 
tween two observations, in one of which the driving crank 
made 30 revolutions in ten seconds, and in the other made 
82 revolutions in the same time. It is evident that the appa- 
ratus readily detects this difference, especially as I often ran it 
during thirty seconds to obtain the number of beats striking 
the ear during one second. 

Before accepting as final the above determinations, I ascer- 
tained that great differences in the intensities of the pulses had 

*I here, as always, refer to complete vibrations, i. e., to a motion to and fro, or 
to what the late Prof. De Morgan proposed to call a swing-swang. 

+ This is to say that we take as the duration of the residual sensation the inter- 
val during which the impress of a beat has not diminished sufficiently in intensity 
to cause discontinuity in the sensation. To obtain the duration of the entire 


sensation we should have to know the intensity of the sensation at the end of the 
above interval, and law giving the rate of diminution of the sensation. 
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little effect on the number of beais required to produce a con- 
tinuous sensation. When a great increase in intensity was 
given to the pulses, their number had to be slightly increased, 
to produce the same continuous sensation as that experienced 
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128 256 384 

UT, UT, UT, SOL, OT, MI, SOL, 
with feebler pulses; but the difference was barely measurable. 
It is also important to remark, that, after the blending of the 
pulses has been once attained, a further increase in the velocity 
of the disc does not change the character of the sensation. Ex- 
treme velocities, of course, produce such violent agitations at the 
mouth of the resonator as to render experimenting impossible. 

I now projected the above determinations into a curve; plac- 
ing on the axis of abscissas the numbers of vibrations of the 
various sounds and on the ordinates their corresponding dura- 
tions of residual sensations. Thus was produced the full-lined 
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curve of the accompanying figure (2). The dotted curve is an 
equilateral hyperbola and expresses the assumed law that the 
durations of the residual sensations are inversely as the num- 
bers of the vibrations producing them. In drawing the latter 
curve I took the point corresponding to the ordinate of UT, as 
the basis of the assumption. The curve given by the observa- 
tions does not coincide with the hyperbola. The formula* of 
the curve of the observations is 
41600 
gt 24. 

The law connecting the pitch of a sound with the duration 

of its residual sensation is 
53248 
D= (x +24) 0001, 

In which D=the duration of the residual sensation, and N= 
the number of vibrations corresponding to D. The ordinate of 
MI, is not quite embraced in the law; I have left it outside, 
for no matter how careful and many were the observations on 
this sound, I could not alter its place in the curve of the ex- 

riments. According to observation, the duration of MI, is 
01111 of a second; according to the law, it equals ‘00827; 
giving a difference of ‘00284 second. 


2. The Determination of the numbers of Beats, throughout the musi- 
cal scale, which produce the greatest Dissonances. 


The determination of the law, which shows the connection 
existing between the pitch of a sound and the number of its 
beats which causes the most dissonant sensation, was made with 
the same apparatus which served for the discovery of the law 
just discussed. The determination of the number of beats 
producing the greatest dissonant effect with a given sound is 
difficult ; for the point of maximum dissonance is not sharply 
marked, and individual judgment and peculiarities come in, so 
that the range of the determination for any given sound by 
different persons is considerable. But on discussing the deter- 
minations reached by any one person, I found that they followed 
a well marked law, which, as might have been inferred, is 
closely connected with the law of the duration of the residual 
sensation. Indeed, we find that any one observer always 
makes the numbers producing the maximum dissonances a 
constant fraction of the numbers of beats which give continu- 
ous sensations. Thus, I find that 3, of the latter numbers 

ive me the most disagreeable sensations; another observer has 
placed the fraction as high as ,%. I imagine that we do not 


* To Mr. P. P. Poinier, one of the students of my laboratory, I gave the task of 
discussing this curve, and to him I am indebted for the above formula. 
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greatly depart from an average judgment in stating that about 
75 of the numbers of beats, throughout the musical scale, 
which —_— continuous sensations, correspond to the num- 
bers of beats giving the greatest dissonant effects. Thus we 
can go from the law connecting the pitch of a sound with the 
duration of its residual sonorous sensation to the law giving the 
numbers of beats throughout the musical scale which produce 
the most dissonant sensations. 


8. Application of the above laws ina new method of Sonorous 
Analysis, by means of a perforated rotating disc. 

It is an interesting deduction from the laws we have established 
that a composite sound can be analyzed by means of a rotating 
disc with sectors cut out of it. Thus, on rotating a large perfo- 
rated disc with great velocity before a reed pipe, and placing the 
ear close to the disc,—or in connection with the gutta-percha 
funnel, by means of the rubber tube,—we shall have the com- 
posite sound reaching the ear in a series of impacts which suc- 
ceed each other so rapidly that even those of the highest har- 
monic of the reed blend into a continuous sensation; but, on 
gradually lowering the velocity of rotation the impacts of this 
highest harmonic can no longer blend and we perceive the har- 
monic beating on the ear alone. This can be readiiy confirmed 
by the aid of a resonator. A further slight lowering of the 
velocity brings out the beats of the next lower harmonic, and 
so on, until the veiocity has been so diminished that even the 
beats of the lowest, or fundamental, harmonic are perceived ; 
and then all of the component sounds of the reed are beating 
in unison ; but yet the effects they produce on the ear are very 
different, for the higher harmonics, notwithstanding their feebler 
intensities, must be heard more distinctly, because their inter- 
mittences are furthest removed from the numbers that cause 
their sensations to blend. In other words, the highest harmon- 
ics, in the phase of the experiment above described, approach 
nearer than the lower to the numbers of beats required to cause 
them to give their greatest dissonant effects. This method of 
sonorous analysis was arrived at as a deduction from our laws, 
and subsequent experiments confirmed the assumption that a 
sonorous analysis could be thus effected. This curious dis- 
covery has its analogue, in the case of light; for, when a disc 
with alternate white and black sectors is rotated so slowly that 
distinct flashes of white light are perceived, the retina is thrown 
into states of successive increasing and decreasing excitation ; 
now the moment of the maximum of excitations is not the same 
for all colors, but the excitation takes place sooner for the red 
and the violet than for the green. “Sil’on fait tourner un 
semblable disque, lentement d’abord, puis, graduellement, de 
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plus en plus vite, et qu’on le regarde fixement, en évitant de de 
suivre du regard l’image en mouvement, on remarque que le 
blanc se colore en rougedtre sur le bord qui se présente le pre- 
mier, et en bleudtre sur le bord postérieur. Pour un faible 
éclairage, le ton rougedatre tire plus sur le jaune-rouge, le bleu- 
Atre sur le violet ; pour un éclairage intense, le premier tire sur 
le rose, le second sur le bleu-vert. Si la rotation est lente, le 
ton bleuatre s’étend d’abord sur une plus grande partie du blanc 
que le ton rougedtre. Si, au contraire, la rotation est rapide, le 
rouge s’étend en rose sur tout le blanc, tandis que le bleu-vert 
s’avance sur les secteurs noirs; en somme, le violet parait alors 
prédominer sur tout le disque. Pour une rotation encore plus 
rapide, on ne distingue plus l’un de l'autre les différents sec- 
teurs; on voit alors le champ finement jaspé de taches qui pa- 
ees entre le rose-violet et le gris-vert. Enfin, si la rapi- 

ité de la rotation augmente encore, le papillotage diminue, la 
couleur grise résultant du blanc et du noir ressort de mieux en 
mieux et n’est plus recouverte que par de grandes taches varia- 
bles, d’un rose violet, qui présentent l’aspect des taches et des 
bandes qu’ on voit sur un tissu de soie mouillé.” (Helmholtz, 
Optique Physiologique, Paris, 1867, p. 500.) 


4. Deductions from these laws leading to new facts in the Physiol- 
ogy of Audition. 

The immediate consideration of the laws we have established 
gives the most convincing confirmation of Helmholtz’s ideas of 
the high differentiation in the dynamic constitution, or mechan- 
ism of the ear. The very fact of the ear’s power to effect a 
sonorous analysis was shown by Helmholtz to be a proof of 
this; but our physiological law, susceptible of a mathematical 
expression, affords the most direct proof that one could desire 
of the existence in the ear of a highly differentiated mechan- 
ism, so differently affected in its different parts by sounds of 
different pitch. Indeed, Helmholtz also divined this even 
from his restricted premises, which I have had the privilege of 
enlarging, for, he says (Tonempf., p. 215): “ As the difficulty 
of making a trill in the bass is the same on all musical instru- 
ments, and as it is evidently altogether independent of the 
mode of production of sound on each instrument, we have to 
conclude that we have here to do with a difficulty which resides 
in the ear itself. Here is a phenomenon which neatly proves 
that the vibrations of the mobile parts of the ear for bass 
sounds are not ‘damped’ sufficiently, or quickly enough, to 

revent two sounds to succeed each other so rapidly without 

lending. 

“This fact proves, besides, that there should be in the ear dif- 
ferent parts which are set in vibration by sounds of different height, 
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and which give the sensations of these sounds. Some may imag- 
ine that the mass of the vibratile elements of the ear, compris- 
ing the tympanic membrane, the ossicles and the liquid of the 
internal ear, can vibrate, and that it is on this property of this 
mass that depends the impossibility of sonorous vibrations 
ceasing with the same rapidity in the ear. But this hypothe- 
sis does not suffice to explain the known facts. 

“* When, in fact, an elastic body enters into vibration under 
the influence of an exterior sound, it takes the number of 
vibrations of the latter; but as soon as the exciting sound 
ceases, it vibrates with the number of vibrations which belongs 
to it when vibrating freely. This fact, which is a consequence 
of theory, can be very neatly proved for tuning forks by means 
of the vibration-microscope. 

“Therefore, if the ear vibrate as an entire system, and is 
capable of prolonging notably its vibrations, this prolongation 
should depend on the number of its own free vibrations, which 
is altogether independent of the number of vibrations of the 
exterior sound, which excited the vibratory motion. It at 
once follows that it will be as difficult to trill among the high 
notes as among those of the bass, and, also, that the two 
sounds of the trill will blend, not with each other, but with a 
third sound belonging to the ear itself’ We have already 
made known one of the sounds in the preceding chapter: it 1s 
the fa,.* In these circumstances, consequently, the result 
should be altogether different from that given us by the obser- 
vation of the facts.” 


If we extend our law downward and upward, throughout 
the range of audible sounds, we have for forty vibrations per 
second a residual sensation lasting ;'; of a second; while for 
40,000 vibrations per second we have a residual sensation en- 
during only ;}, of a second. If we apply the law to vibra- 
tions below forty per second, when they do not produce a con- 
tinuous sound, but explosive sensations in the ear, we reach a 
remarkable result. Thus, the residual sensation corresponding 


*T here adopt, as I always do, the French notation, which is used by Kénig. 
Those who use the French translation of Helmholtz’s work should be on their 
guard to observe that the translator has lowered all of his notation one unit be- 
low that used in France, and he thus gives all of Helmholtz’s notes too low by an 
octave. Thus, the translator’s Ut, should read Uts. 

The fact to which Helmholtz refers above is that the human ear is tuned. by 
resonance, to the fa;, of 2730 complete vibrations; so that the vibrations of this 
note, and of those near it, cause piercing sensations in our ears. If a short tube 
be adapted to the external auditory canal these disagreeable sensations disappear, 
as the canal can no longer resound to the above note; but the same piercing sen- 
sation will now reappear on sounding a lower note. Mad. E. Seiler, now of Phil- 
—_ has shown that dogs are peculiarly sensitive to the acute mi of the 
vio 
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to thirty vibrations per second should remain in the ear ;'; of 
a second, after the vibrations outside the ear have ceased ; then 
we at once ask why is it, if the residual sensation lasts ;'; of a 
second, that thirty beats or pulses per second do not blend? 
Do not three distinct impulses fall on the ear in each jy of a 
second? For they follow one another at thirtieths of a second. 
This abrupt breaking down of the law can only be explained 
by the highly probable supposition that co-vibrating bodies in 
the ear, tuned to vibrations below forty per second, do not 
exist, and, therefore, as there are no bodies in the inner ear to 
co-vibrate and keep up these oscillations, after the cause which 
would have set them in motion has ceased to exist, it follows 
that when the ear receives less than forty vibrations per second 
it can only vibrate en masse, and the durations of these oscilla- 
tions of the ear, as a whole, are far too short to remain the ;; 
of a second. The last supposition as to the vibration of the 
ear aS a mass may serve to explain why the higher notes— 
far beyond those used in the musical scale—produce continu- 
ous sensations. For, to these very high sounds we can hardly 
imagine corresponding tuned bodies; yet they produce continu- 
ous sensations. But may it not be imagined that the ear with 
them does also only vibrate as one mass, and that the duration 
of this vibration is sufficient to give continuous sensations from 
cage following at the rate of several thousand per second ? 

ut for notes thus perceived, without the intervention of cor- 
responding co-vibrating parts in the inner ear, differences of 

itch should be difficult, even impossible, to distinguish, and 
this we find to be the case. 


The fact that the durations of the residual sensations dimin- 
ish, as the numbers of vibrations producing the sounds in- 
crease, leads to the knowledge of a new and curious phenome- 
non in the physiology of audition, viz: that the timbre of a 
composite sound begins to change at the instant the vibra- 
tions, outside the ear, have ceased; for from that instant the 
residual sensation becomes more and more simple in its char- 
acter, until at last only the simple sound of the fundamental 
harmonic remains in the ear, and soon after, this sensation also 
vanishes. Thus, after the vibrations of an UT, reed pipe con- 
taining twenty harmonics have ceased, the residual sensation of 
the twentieth harmonic, or that highest in pitch, disappears in 
the 53, of a second; but the sensation of the fundamental, or 
lowest harmonic, remains in the ear ;'; of a second after the 
sensation of the highest has vanished; and the fundamental 
remains ;'; of a second after the cessation of the sensation of 
the harmonic next above it. 

The successive rates of increase of the ordinates of the curve 
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(which expresses our law), as we go from that ordinate belong- 
ing to the highest note to that belonging to the lowest, repre- 
sent the rate of successive extinctions of these harmonics in 
the composite residual sensation. These successive changes in 
timbre are well illustrated by sounding all the twenty forks of 
the harmonic series of UT, and then stopping the vibrations 
successively, in going from the highest to the lowest. 

The remarkable phenomenon we have just described also has 
its counterpart in the analogous series of changes in visual sen- 
sations which happen when the eye has received the sudden 
impress of a bright white light and is then immediately closed 
in darkness. Thus, the average duration of the residual sensa- 
tion in the eye is the ;; of a second for lights of moderate 
intensity ; but if the image of a bright cloud be received on 
the eye for } of a second, the “ positive sensation” remains for 
twelve seconds. The duration of this residual sensation de- 

nds on the color; lasting longer for red than for violet and 
onger for violet than for green. Here an analogy with our 
sonorous sensations is presented, for those etherial vibrations 
producing red are fewer in number than either green or violet, 
and the sensation of red lasts longer than either green or violet, 
and, therefore, it follows that we should have the residual 
image of the sun go through these changes—white, greenish- 
blue, blue, violet, purple, red; and this is what really happens 
when the sun’s image is momentarily formed on the retina and 
the eye then kept in darkness. : 

The above analogy is, however, imperfect if it really is estab- 
lished that the residual sensation of violet lasts longer than 
that of green, when the vibrations, giving these two colors, 
have equality of energy. The analogy also is one of sensations, 
not one of the mechanisms existing between the agents and the 
sensations they produce ; for, in the case of the ear, anatomical 
facts give us bases for the explanation of the ear’s power of 
effecting a sonorous analysis, an for the understanding of the 
reason of our law of the duration of the residual sensation. In 
other words, in the ear we have laid before us the mechanism 
of (1) the receiving apparatus, of (2) the transmitting appara- 
tus, and of (3) the sensory apparatus: but in the eye we com- 
prehend only (1) and (2), but we know as yet nothing that gives 
us an understanding of the dynamics of the sensory apparatus. 
For, has modern histology given us any facts concerning the 
structure of the human retina which point to the establish- 
ment of Young’s hypothesis of three distinct sets of retinal 
nerve terminations? The more we study the minute structure 
of the retinal rods and cones, the farther appears to remove an 
understanding of the mode of operation of the sensory apparatus 
of the eye. May not research in this direction be guided by the 
hypothesis that the molecular constitution of the retinal rods 
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and cones is such that their molecules are severally tuned to the 
vibrations corresponding to the colors red, green and violet? 
This would lead us to look for effects of actinism on the retina 
as showing the link existing between the transmitting and sen- 
sory functions of the eye. Do not the facts of the known per- 
sistence of chemical action, after it has been once initiated, and 
the time which would be required for the retinal molecules to 
recombine, or rearrange themselves, after the etherial vibrations 
had ceased, comport with the known durations of the residual 
visual sensations, and with the main facts of physiological 
optics, better than the hypothesis that masses of the retinal 
elements are set in vibration, rather than their molecules ? 


5. Quantitative applications of the Laws to the fundamental facts 
of Musical Harmony. 


To show the full value of these laws in introducing quanti- 
tative precision in the explanations of consonance and disso- 
nance would require an extended space; we here present only 
such application as will serve to show their importance in giv- 
ing clear and simple guides in reasonings in the physiological 
theory of musical harmony. 

We have seen that in the case of the simple sound C,, of 64 
vibrations per second, that 16 beats gave a continuous sensa- 
tion ; therefore, to determine the nearest consonant interval of 
this sound, we have 64: 64+16::C,:E,. Hence the nearest 
consonant interval of C, is its major third on the natural scale. 
To determine by our law the nearest consonant interval of C,, 
of 128 vibrations per second, we have 128 : 128+26:: C, : Eb, ; 
here the minor third on the natural scale is the nearest con- 
sonance. In the following table we give the determinations of 
the nearest consonant intervals of the simple sounds of the Cs 
through five octaves.* 

C,of 64 vibrations, interval = major third. 
Cc,“  =nminor third. 
256 “ minus } + of a semitone. 
512 “ minus 4 — of a semitone. 
5s. 1024 one tone. 
C, “ 2048 = one tone minus $+ of a semitone. 


We thus see that while in the neighborhood of C, the near- 
est consonant interval is the major third, that in the octave of 
C, the nearest consonant interval has contracted to a tone. 
This result shows why it is that the middle portion of the 


* We have, for simplicity of illustration, determined the above intervals on the 
basis of the pitch of the lower note; but, as the beats are produced by the con- 
joined action of the two sounds, it would have been more accurate to have taken, 
as a second approximation, the mean pitch of the two sounds. Thereby, the above 
determinations would be somewhat changed for lower but not perceptibly for 
higher notes. 
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musical scale is best adapted for expression, and is most used 
in musical composition; for, while in the lowest octaves the 
available consonant intervals are few on account of the spaces 
oe them, in the higher octaves the consonances are so 
contracted that these higher consonant intervals lose their 
sharpness of definition. 
It is here to be remarked that in our experiments we have 
obtained continuous and discontinuous sensations from beats 
roduced by one sound of a constant pitch; but with musical 
intervals we obtain beats from two sounds differing in pitch. 
In the latter case DeMorgan, Guéroult and Mr. Sedley Taylor 
have shown that there exists a variation, or oscillation, in 
itch whenever the two sounds are not of the same intensity. 
r. Taylor,* from this fact, advances the idea that these oscil- 
lations in pitch cause a noise in place of a sound, and to this 
result is due, in great part, the dissonance produced by beats 
of two different sounds. He brings forward in support of his 
opinion experiments with a tuning-fork, rapidly spun in a 
lathe; where he states that no alteration in pitch, but only 
alteration in intensity, can take place. I have repeated this 
experiment, but have not been able to confirm his observation, 
on account of the change in pitch which takes place almost as 
soon as the fork is rotated. Indeed, I have thus succeeded in 
elevating the pitch of a fork to nearly a minor third. But 
assuming that this explanation of dissonance is correct, yet our 
views hold good when we consider intervals formed of sounds, 
equal in intensity. 
Helmholtz (Tonempf., ch. viii, p. 258 et seq.) states generally 
that, in the higher regions of the musical scale, thirty to forty 
beats per second give rise to the most disagreeable dissonance, 
but that if these beats follow so rapidly that about 132 fall 
upon the ear in a second, then the sensation they cause is 
smooth and continuous, and the two notes producing these 
beats form a consonant interval. Helmholtz, at the same time, 
dwells with emphasis and with some minuteness on the addi- 
tional important fact, that the dissonant and consonant effects 
of beats do not altogether depend on their frequency per sec- 
ond, but also on the position in the musical scale of the sounds 
— these beats. Tyndall, in his otherwise admirable 
ittle book ‘On Sound,” has overlooked the latter impor- 
tant fact, and while assuming broadly that 33 beats per 
second—no matter what the pitch of the notes producing them 
—give the greatest dissonance, while 132 beats per second give 
consonance, he has made logical deductions from these pre- 
mises which do not bear the test of experiment or conform to the 
experiences of musicians. On page 299 of Tyndall’s work we 


* On the Variations of Pitch in Beats. By Sedley Taylor, Esq., Phil. Mag., 
July, 1872. 
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read: “ Does this theory accord with the facts that have been 
adduced? Let us, in the first place, examine our four tuning- 
forks, to ascertain whether their deportment harmonizes with 
this theory. And here let me remark that we have only to do 
with the fundamental tones of the forks. Care has been taken 
that their overtones should not come into play, and they have 
been sounded so feebly that no resultant tones mingled in an 
sensible degree with the fundamental tones. Bearing in mind, 
then, that the beats and the dissonance vanish when the differ- 
ence of the two rates of vibration is 0; that the dissonance is 
at its maximum when the beats number 33 per second; that 
it lessens gradually afterward, and entirely disappears when 
the beats amount to 132 per second,—we will analyze the 
sounds of our forks, beginning with the octave. 

“ Here our rates of vibration are 

512—256; difference=256. 
“Tt is plain that in this case we can have no beats, the differ- 
ence being too high to admit of them.” 

But if Prof. Tyndall had taken, in place of the above forks, 
two forks giving 40 and 80 vibrations per second, he would, ac- 
cording to his premises, have made this octave a most disso- 
nant interval; for would he not have had (80—40=40) forty 
beats per second entering his ear? Similarly, if we assume that 
33 beats per second always produce the maximum dissonance, 
then even the interval C, 6. which gives a difference of 64, 
is far removed from consonance. 

Prof. Tyndall then proceeds: “ Let us now take the /ifth. 
Here the rates of vibration are 

384—256 ; difference=128. 


“This difference is barely under the number 132, at which the 
beats vanish: consequently the roughness must be very slight. 
“Taking the fourth, the numbers are 
884—812; difference=72. 
“Here we are clearly within the limit, when the beats vanish, 
the consequent roughness being quite sensible. 
“Taking the major third, the numbers are 
320—256; difference=64. 


“Here we are still further within the limits, and, accordingly, 
the roughness is more perceptible. 

“Thus we see that the deportment of our four tuning-forks 
is entirely in accordance with the explanation which assigns 
dissonance to beats.” 

Now all of the above intervals were formed of simple 
sounds, without overtones or resultants, and in not one of the 
experiments adduced does the number of beats fall “ within 
the limit where the beats vanish,” and “the consequent rough- 
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ness” referred to does not exist. Thus, in the case of the fisth 
(884—256 ; difference=128), the blending would have been 
reached, according to our law, by fifty-six beats per second. 
In the case of the fourth, (884—312; difference=72), the blend- 
ing is reached by sixty beats; while with the major third (320 
—256 ; difference=64), fifty-one beats give the limit of dis- 
sonance. All of these intervals are really consonant, and any 
musical ear will attest, on repeating the experiments, that the 
intervals cited cause no perceptible roughness. Indeed, the 
combinations cited by Prof. Tyndall, when formed of simple 
sounds, are all eminently consonant intervals, throughout the 
whole range of audible sounds. The same criticism applies, 
with nearly equal force, to the experiments on pages 302 to 
304, cited as illustrating Helmholtz’s hypothesis. Any one 
may convince himself of this by means of free-reed organ pipes 
brought rigorously into these intervals on the natural scale. 
These criticisms on the book of my friend Professor Tyndall 
are not given merely for the sake of criticism, but because his 
eminence as an original investigator, and his great power as a 
opular teacher of scientific truths, have given an extensive 
Sistribution to his writings, and I am sure he will be obliged to 
any one who, in the proper friendly spirit, will show how his 
work, written to diffuse scientific knowledge, may be rendered 
more efficient in accomplishing that object. 


Art. XXII.—On the Thermo-electrical Properties of some Minerals 
and their varieties ;* by A. ScHRAUF and Epwarp S. Dana. 


1. All previously published investigations in thermo-elec- 
tricity have led to this result: that certain minerals are in 
part positive, and in part negative, in contact with copper, and 
that on this account, they hold different positions in the 
thermo-electrical series. 

If, for example, in the series given by Seebeck,t we number 
bismuth 1 and tellurium 84, we have as 


No. 5 Platinum (pure). No. 7 Copper (pure, from CuO). 
No, 14 a (2). No.12 “ (commercial). 
No.28 (1). No.21 * 


These variations recall to mind the property which belongs to 
all metals, of suffering very great changes in cohesion, elasticity, 
etc., in consequence of a minute admixture of some foreign sub- 
stances. 

*From the Transactions of the Royal Academy of Sciences at Vienna, vol. 
Ixix, March 1874. Translated by E. 8S. Dana, and read before the American As- 


sociation at the Hartford meeting. 
+ Seebeck, Gilb. Ann., vol. lxxiii, 430; Pogg. Ann., vol. vi. 
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This important fact has been well established in the case of 
gold and iron. 

The variation from + to —, however, has been shown to 
characterize crystallized minerals as well as the amorphous 
metals. Hankel,* Marbach,+ Friedel and G. Rose|| have in- 
vestigated this subject in relation to the hemihedral crystals of 

yrite and cobaltite. Friedel first suggested the connection 

etween positive and negative thermo-electricity and right and 
left nedladahion. but did not pursue the matter further: evi- 
dently because, in the case of pyrite, the morphological and 
electrical relations do not allow of definite determination.§ 
Rose attempted to obtain a solution of the same problem by 
identifying + with right and left hemihedrism. For the correct- 
ness of this supposition, however, there has been as yet no con- 
clusive proof, while, on the other hand, more intricate hypothe- 
ses seem to be required for its support. For minerals which 
do not crystallize hemihedrally, this hypothesis of Rose is evi- 
dently inapplicable ; and, what is more, if accepted, no varia- 
tion in electrical character should, in such cases, be expected. 
It is here important to mention that, some years before the in- 
vestigations of Rose, exceptions of this nature were observed 
by Prof. Stefan ;** he found granular galena negative, crystal- 
lized galena positive. 

The thermo-electrical series, recently published by Flight,tt 
also affords several such examples. His list embraces a large 
number of minerals. Making hematite 1 (at the negative ex- 
tremity of the series) and fused chalcocite (No. 3) 56 (at the 
positive end), we find, as below: 


Chaleopyrite 1) is No. 2 
Fused chalcopyrite (1) 21 
Galenite 4 
Fused galenite 31 


What changes, if any, these natural sulphids underwent in con- 
sequence of being fused, do not appear to have been accurately 
investigated, although this is a point of the highest interest. 
It is clear from the last observations that an explanation is 
often to be found in an altered condition of aggregation. 


* Hankel, Pogg. Ann., vol. lxii, 197. +Marbach, Compt. Rend., vol. xlv, 707. 

Friedel, Instit., 1860, 420; Ann. d. Chim., 1869, vol. xvi, 14. 

G. Rose, Pogg. Ann., 1871, vol. exlii, 13. 

In a recent paper (which reached us after the completion of our manuscript) 
Friedel (Comptes Rendus, xvi, Feb., 1874, p. 508) claims priority for his views over 
G. Rose, but at the same time he explains that while his hypothesis is to be as- 
sumed as true, it does not crystallographically admit of proof. 

J Compare on this subject, Brezina, Tschermak’s Min. Mittheil, 1872, p. 23. 
** Stefan, Sitzungsb. d. k. Akad. Vienna, 1865, vol. li, 260. 
+t Flight, Ann. d. Chem. u. Pharm., vol. cxxxvi. 
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The view of Franz,* that the direction of the stream (+) in 
bismuth depends upon the cleavage lamelle, offers a satisfac- 
tory explanation of some of the phenomena.t On the other 
hand, the right or left hemihedrism entirely fails to account for 
the change of + in holohedral or amorphous fused materials ; 
and in such cases other causes must exist and must be sought 
for. 

It was with great pleasure, consequently, that we availed 
ourselves of the kindness of Prof. Stefan in putting at our dis- 

osal a very sensitive galvanometer belonging to the Physical 
(Vienna); and we take this opportunity tosacknowl- 
edge our obligations to him. 

2. The thermo-electrical investigation of minerals can have 
as its object either the determination of their absolute position 
in the series, or their relative position upon contact with copper. 
Of these, we selected the latter, since our attention was espe- 
cially directed to the exceptions, as they may be called. Our 
method of investigation, consequently, was identical with that 
which has been made use of and fully described by Prof. 
Stefan and G. Rose. We mention here merely that the homo- 
geneity of our copper wire was carefully ascertained. The 
wire when warmed and brought in contact with the cold wire 
left the needle in complete rest,f so that no considerable error 
in consequence of subordinate currents is possible. 

A series of preliminary experiments was devoted to estab- 
lishing the relation between form and thermo-electricity, especial 
attention being directed to determining the influence of the sur- 
face, and of hemihedrism. The following results were obtained : 

(a.) In galenite, cobaltite, and pyrite, the interior of the crys- 
tal has the same electrical character as the surface under normal 
circumstances; consequently, the particular planes by which 
the crystals are bounded have no influence upon the + sign. 

b. Surfaces made by grinding (on the minerals just named), 
whatever position they have with reference to the cleavage 
directions, have the same electrical character with the mass as 
a whole. 

(c.) In tetrahedrite and chalcopyrite, which crystallize hemi- 
hedrally, and with the most complete opposition of right and 
left, no change of + could be romney 

Schreuf Phys. Min, Bé., p. $80) has edopted this explana- 
tion. In accordance with the results of the present investigation, this view of 
the electrical phenomena must be altered. 

¢ We may mention in addition that a brass wire in contact with itself (cut from 
= rw caused a considerable deflection of the needle, in the direction of 

| Rose (1. c.) found the same constancy in the sign in chalcopyrite. 

Am. Jour. Sc1.—THIRD Vou. VIII, No. 46.—Oct., 1874. 
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(d.) On crystals of pyrite the + por- 
tions are sometimes distributed very 
irregularly (fig. 1), and any explanation 
of this by the supposition of a twin 
structure is impossible. We should 
have to assume, in this case, a parallel- 
wise interpenetration of the different 
individuals or lamellz. 

(e.) The majority of the pyrite crys- |’ 
tals are negative in relation to copper; ~* 
the positive portions appear often to be only thin layers, of a dif- 
ferent nature from the mass of the crystal. Homogeneous + 
pyrite crystals are exceedingly rare. . 

These results show clearly that an investigation of the 
thermo-electrical properties of minerals is of value only when 
their chemical composition is known. It is well known how 
much the composition of individual minerals varies; how 

uestionable it is, for example, whether different pyrites have 
the same composition.* As before observed, a minute admix- 
ture of foreign materials may exert a very decided influence 
upon the applicability of the metals in the arts, and conse- 
quently upon their P ysical characters. On this account our 
attention, in the following investigations, was directed espe- 
cially to the chemical side of the subject; and, without mean- 
ing to overlook the connection between the form and the varia- 
tion of +, we endeavored, first of all, to determine the 
influence of the material itself. To this end the varieties of 
certain minerals are especially well adapted; and, in fact, out 
of a long series of sulphids, arsenids and tellurids of cobalt, 
iron, nickel and bismuth, we were successful in finding some 
examples capable of showing the relation between the thermo- 
electricity and the chemical nature of the minerals. It was nec- 
essary first, however, to investigate a large number of species. 

8. Our results in regard to the thermo-electrical character of 
the minerals tested related throughout to their behaviour in 
contact with copper. The position of the wire empleyed was 
unfortunately not exactly in the middle of the + a tg 
trical series as given by Seebeck (I. c.), but on the other hand 
near pure gold and silver. It was to be expected, in conse- 
quence of this, that the larger number of substances would ve 
negative in relation to copper wire ; and the observations were 
in accordance with this. A number of minerals which gave no 

erceptible stream, and are consequently marked 0 in the fol- 
owing list, might perhaps be + in contact with a different 

*The use made of pyrite in England (more than eight million cwt. yearly) 


shows more than any single analysis the amount of Cu, Ag, and Au, contained in 
this mineral. 
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piece of copper. But these facts have only a minor import- 
ance in this investigation. Cobalt, nickel and bismuth are 
strongly negative, and iron strongly positive; their sulphids, 
on the other hand, act still more vigorously on the needle of 
the galvanometer than the native metals. The variation from 
the true result, occasioned by the relative position of the cop- 
per wire used, must consequently be quite unimportant. 

A. The following minerals gave no electrical stream in contact 
with copper. Taking into consideration the position of the 
copper employed by us, as just explained, these minerals must 
stand nearer the positive end of the series (except so far as 
their non-conducting power was the occasion of the negative 
result). 

Argentite isometric. 
Acanthite orthorhombic. 
Sphalerite isomet. hemihedral. 
Alabandite isometric. 
Hauerite 

Rutile i orthorhombic. 
Brookite i monoclinic. 
Antimonite 

Boulangerite 6 

Kobellite Pb, Bi,Sb,8,, 

Sartorite PbAs,8, 

This list of minerals investigated embraces unfortunately the 
majority of those substances from which we expected to throw 
great light upon our subject. 

In the dimorphous group of the silver sulphids the change 
of form does not correspond to any variation in the thermo- 
electrical properties. Argentite and acanthite are in this re- 
-” similar, so also rutile and brookite. In sphalerite, also, 
the form seemed to have no influence, although right and left 
hemihedrism is distinguishable. Alabandite and hauerite were 
selected in order to show the influence of an increasing per- 
centage in sulphur. The group boulangerite, kobellite, sartor- 
ite and antimonite were investigated in order to ascertain their 
relation to galenite; but no essential differences were observed. 
It is to be mentioned that (in consequence of their containing 
antimony) they stand nearer the positive end of the series, 
while galenite, on the other hand, is strongly negative. 


B. The following minerals* are positive (+), or negative (—), in 
contact with copper: 


1. Bismuth compounds, [Bi—] 


Bismuthinite Bi,S — Sweden. 
Tetradymite Bi,(TeS), — Schubkau, Orawitza. 
*Tt is to be observed, in examining this table, that arsenic, antimony, and tel- 


lurium, as native metals, are + in reference to copper, while in composition they 
are generally negative. 
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Tetradymite Bi,(TeS) + Georgia, England. 
Wehriite + 

2. Nickel compounds. [Mi—] 
Millerite NiS 0..— 
Gersdorffite Ni (AsS). — Schladming 
Ullmannite Ni (Sb,AsS). — Karinthia. 
Niccolite Ni, As, — Pribram. 
Rammelsbergite NiAs — Hesse. 
Griinauite (NiBiFeCu)S — Siegen. 
Pyrite (containing Ni) FeS,44%Ni — Dramen, Norway. 


8. Cobalt compounds. , 
Linnzite Co,8, — Misen. 
Smaltite (CoFeNi)As, — Saxony, Hesse. 
Cobaltite Co(SAs) +— Sweden. 
Glaucodot (CoFe)(SAs 2 Hakansbi. 
Alloclasite (CoBis) 83), — Orawitza. 
Skutterudite oAs, + Skutterud, Kongsberg. 

— Modum, Tunaberg. 


4, Lead compounds, [Pb —] 
Galenite PbS — Usual varieties, 
+ Monte Poni. 
Clausthalite PbSe — Harz. 
Naumannite (PbAg)Se — Harz. 
Lehrbachite (PbHg)Se — Harz. 
Zorgite (CuPb)Se +— Variable, mixture? 
5. Silver and Gold compound. [Ag Au O]} 
Sylvanite (Ag,Au)Te, _ 
6. Copper compounds. [Cu O] 
Chalcopyrite Cu,Fe,S, 
Bornite Cu,Fe,S, + 
Tetrahedrite - Cu,Sb,8, 0..4+ 
Chalcocite Cu,S 
Berzelianite Cu,Se + Sweden. 
Zorgite (PbCu)Se + Variable, mixture, Harz. 


7. Iron compounds, [Fe +] 
Marcasite FeS, 
Pyrite “ 

— Most localities. 

Pyrite (containing Ni) FeS,+4gNi — Drammen, Norway. 
Pyrrhotite Fe,S, + Sweden. 
ematite Fe,0, — Brazil. 
Magnetite Fe,0, — Monroe. 
Leucopyrite FeAs, — Andreasberg, Schlad- 
ming. 


Lillingite Fe, As, — Reichenstein. 


+ Piedmont, Devonshire, 
Turinsk, 
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Mispickel Fe(SAs), + England. 
? — Freiberg. 
“ (Weisserz) (FeAg)(SAs)., — Freiberg. 

Danaite (CoFe)(SAs), Franconia. 
— Norway. 


Although tables A and B embrace a considerable number of 
minerals, they afford only a few general conclusions. 

(a.) In the compounds of the negative metals Bi, Co, Ni, Pb, 
the character of the metal outweighs that of the S. 

(0.) The addition of antimony has the result of weakening 
this negative character; that of tellurium strengthens it. 

(c.) In combination with iron the arsenides are negative, but 
the majority of the sulphides positive. 

4. A more accurate understanding of the relations between 
chemical nature and thermo-eleciricity can be obtained only 
from those minerals which are sometimes +, sometimes —. 
Thus, while in the case of iron, copper, and nickel, the addition 
of an equivalent of S or As takes place without electrical 
change, other minerals show a change in sign when the min- 
eralogical formula seems to remain unaltered. With the ex- 
ception of the observations of Stefan on galenite, those on 
pyrite and cobaltite are the only other published examples. 

hese latter have been the basis of a very one-sided theory, as 
it seems to us, although this was natural, since the two species 
in question are similar in their hemihedral forms. 

As a result of our observations, we have succeeded in adding 
four new cases of minerals with this + variation. We are in- 
clined to lay especial stress upon these, because these minerals— 
tetradymite, glaucodote, mispickel, skutterudite—are not hemi- 
hedral, so that the change in electrical character cannot be con- 
ditioned on right and left hemihedrism. 

These cases we regard as proving the dependence of the 
thermo-electricity upon the chemical composition.* 

In order to give the proof of this, it is necessary to introduce 
into the following tables, besides our observations on the thermo- 
electricity, also the determination of the chemical composi- 
tion and the density.t We did not fail to recognize the desira- 
bility of an exact analysis for each mineral whose electrical 
character was investigated; but-in the absence of them we 

* Tait has shown recently that iron changes its thermo-electrical sign at a red 
heat; and this same is true of nickel at a somewhat lower temperature. Tait 
is inclined to ascribe this phenomenon to a change in the arrangement of the 
molecules. Our investigations, however, are based upon the character of a stream 
called out by the minimum amount of heating, thus excluding the possibility of 
the substance passing into an allotropic condition in consequence of the heat. 
The molecular arrangement is, therefore, to be assumed as unchanged in these 
experiments. 

+ Analyses and specific gravity determinations, taken from other authors, are 
printed in italics. : 
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endeavored to supply the want approximately by determining 
the specific gravity wherever this was possible.* 


A. Tetradymite. 


Schubkau Orawitza Georgia England 


+ — 
35°9 48° 

4°2 0° 
59°3 51°5 


2°0 

Wehrlet | Frenzel{| Balch || Wehrle § 
7°30 7°868 

Wehrlet Balch 


The tetradymite discovered in 1878 at Orawitza had the same 
electrical character as that long known from Schubkau and 
Deutsch-Pilsen. The composition of these three Te-Bi com- 
pounds is in fact similar, and they contain a small amount of 
sulphur. The variety from Dahlonega, Georgia, is remarkable 
for its well-established want of sulphur. In these compounds, 
as also in sylvanite, the tellurium = an increasing action in a 
negative direction, while sulphur, notwithstanding the small 


amount present, acts in a positive direction. 
B. Danaite. 


Lollingite. 
Franconia. | Hakansbé. | Skutterud. Feo As, 
Reichenstein. 


6°096 


46°7 
17°4 
26'2 
9°1 
Scheerer.t+ Karsten. ft 


6°08 
Variety Ver-| Variety 
montite from | Akontite from 
Franconia. | Hakansbé.|| 


* Each of our specific gravity determinations is the mean of several trials. The 
average mean error may be stated as + 0°002. 
te Schweigg. J., 1830, vol. lix,482. + Frenzel, Leonh. Jahrb., 1873, 800. 


Balch, Amer. Jour. Sci., [I, vol. xxxv, p. 99. 

Wehrle, Baumgart. Zeitsch. Wien, vol. xix, 144. 

Balch, Dana Min., 1870, p.31. ** Hayes, Am. Jour. Sci., IT, vol. xxiv, p. 386. 
Scheerer, Pogg. Ann., vol. xlii, p. 546. 

Karsten, Dana Min., 1870, p. 78. |] Dana, Min., 1870, p. 79. 


—Wehrlite 
Hungary 
1 Te 34°6 29-7 
Bi 60°0 61°1 
Fe 
Ag 
| G= 
| 
+ | - - 
G= | 6°335 _ 
As 41°7 
Ss 17°8 
Fe 32°9 
Co | 6°4 
G= | as 
| | 
| | | 
| 
| } 
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Besides the Danaite, we have added, for the sake of compari- 
son, the chemical composition of léllingite. Taking into con- 
sideration the fact that, in the compounds, arsenic and cobalt 
play the part of negative elements, but iron and also most of the 
sulphids that of positive, a partial explanation of the change of. 
+ becomes possible. In the crystals from Franconia the per- 
centage of FeS is larger (=50°7) than that of AsCo (=48'1). 
The reverse is true in the danaite from Norway, where FeS 
=43°6 and CoAs=55°8. These varieties show a very marked 
difference in specific gravity. 


C. Skutterudite. 
Modum. Tunaberg. Kongsberg. 
+ 


The specific gravity of the varieties from Tunaberg and 
Kongsberg could not be determined, as in the specimens at 
hand the mineral was in small imbedded portions. The varia- 
tion in the case of the varieties from Modum and Skutterud is 
especially remarkable. Complete crystals from the Skutterud 
locality were investigated, as well as massive specimens; they 
were all-+-. Skutterudite is isometric, but no hemihedrism has 
been observed. 


D. Glaucodot. 


Hakansbé. Chili. 
Kernel. 


Total. ? 


+ 


44:0 (Fused B.B. to 43:2 

19°8 @ pearl). 20°2 

16°1 24°7 

19°3 11°0 

5°975—6°003 
Ludwig.+ Plattner.t 


The crystals of glaucodot have often a length of 14 inches. 
They belong to the orthorhombic system ; the cleavage is both 
basal and prismatic, and may be observed not only in the 
outer layer of the crystal, but also in the central, although less 
perfectly. About twenty large crystals from Hakansbé were 

* Wohler, Pogg. Ann., vol. xliii, 591. . 


sr Sitzungsberichte der k. Akad, Vienna, I, vol. lv, 445, 1867. 
Plattner, Pogg. Ann., vol. lxvii, 127, 1849. 


G= | 6°664 
As 79°0 
Co 19°5 
Fe 1°4 
Wohler* 
= 
F As (Fused B.B. to 
a pearl). | 
Co | 
Fe | 
G= 
| 
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investigated, all of which showed the same abnormal behavior. 
The outer shell, 2mm. in thickness, on all the planes, was neg- 
ative, while the kernel was always positive. If 2mm. of the 
exterior be filed away, the — shell passes gradually into the + 
kernel; all fracture surfaces are in the same way +. 

In one and the same crystal, then, we find this change of 
sign. Such a case especially in the orthorhombic system does 
not allow of hemihedrism being assumed as an explanation. 
Taking into consideration the great variation in the specific 
gravity between the exterior and interior portions, as shown by 
our determinations, it is fair to conclude that the change of + 
depends upon some change in the composition. What this 
change was we were not in a position to determine. The 
blowpipe beads from the outer and inner portions (CoFe)As,, 
obtained in the usual manner, were both negative. Their per- 
centage of cobalt was almost the same; one experiment, for 
example, gave approximately 19 per cent Co. The varia- 
tions are consequently, in all probability, caused by the ele- 
ments Fe, §, as in danaite. 

It was a matter of great regret to us that we were unable to 
obtain for investigation any of the glaucodot from Chili. The 
analysis of this species is placed in the above table, as the com- 

arison of two analyses shows the possibility of the variation 
in Fe just mentioned. In the glaucodot from Chili the rela- 
tion of Co to Fe is 2:1; in that from Hakansbé 5:4. It is evi- 
dent from the specific gravity that the analysis * of the glauco- 
dot from Hakansbé was made from a fragment containing 
both shell and kernel. 

An observation of Tschermak ¢ adds plausibility to this 
hypothesis of a variation in the amount of Fe. He describes 
crystals of cobaltite imbedded in the outer portion of a crystal 
of glaucodot. In the transition from glaucodot to cobaltite, 
the elements Fe and Co are alone involved, and then only in 
their relative proportions, thus: 

As 8 Co Fe 
Glaucodot 44:0 19°8 193 Ludwig lc. 
Cobaltite 43-4 20° 33:1 32 Stromeyerf 


E. Galenite. 


Kobellite 
Sardinia Harz, Pribram | PbeBi.Sb2Si2 
granular. England. crystals, 0 

+ 


G-= 7°428 


* An analysis by v. Kobell agrees completely with the former. 
oman Sitzungsb, d.k. Akad. Vienna, vol. lv, 449, 1867. 
Stromeyer, Schweigg. J., vol. xix, 336. 
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The + varieties are distinguished here, as in all other cases 
mentioned, by their specific gravity.* For the sake of com- 
parison, kobellite has been added ; in it, the negative charac- 
ter of the lead and bismuth is neutralized by antimony. What 
part the admixture of Sb, As and Ag play in galenite is uncer- 
tain. We note here that we found bismuthinite to be — but 
boulangerite 0. 


F. Cobaltite. 


Over four hundred and eighty crystals of cobaltite were in- 
vestigated : of these, the majority were negative, corresponding 
to the excess of the elements Co and As: only a quarter of 
them were positive. The crystals themselves are homogeneous 
and, unlike those of glaucodot, show no difference between 
shell and kernel. The following are the observations, arranged 
according to crystalline form. 
No. crystals investigated. 
Cube prominent 
Octahedrons “ 

Pyritohedrons “ 
“ “ 

Cube, octahedron and ) 115 

pyritohedron combined t 24 


Rose regarded the + character in this species as dependent 
upon the right or left hemihedrism. A proof to the contrary, 
from the consideration of the crystalline form, is not possible, 
as the proof itself lies in the supposition. It is of more im- 
portance, therefore, to ask whether all crystals are of the same 
composition. All cobalt compounds contain iron to a varying 
extent. If the other constituents are constant, the specific 
gravity must increase with the percentage of cobalt; the den- 
sity of cobalt is greater than that of iron. With this in mind, 
it 1s intelligible that for glaucodot we have G=6:0, for cobalt- 
ite G=6°3 (mean value, compare analyses above). 

This consideration led us to determine the specific gravity of 
a very large number of the crystals of cobaltite whose electri- 

* In consideration of the high values of the specific gravity, it is perhaps desir- 
able for us to mention our method of determination. We had at our disposal 
two balances; a balance made by Kusche in Vienna (maximum load two grams), in 
the Mineral Cabinet; and another made by Oertling (maximum load 50 grams), 
private property of Schrauf. We avoided the use of a pygnometer, and adopted 
in preference the method of two direct weighings in air and water. All our 
determinations correspond to a mean temperature of 17°-20°C. The agreement of 
the single observations leaves little to be wished for; we mention some direct 
results (not the mean of several trials) with the weight. 

Variety A. Total 0°64 Gr, G=7-430 
695 “1-495 
Variety B. 045 1570 
16:14 
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cal characters had been tested. We give the result in a number 
of individual cases. 


+ Exceptions. 
G=6'375 Octahedron _6°072 + 

6°370 Oct. 5°934 6°411 Cube 
6°356 Oct. Tunaberg 6°415 Cube, Pyr. 
6°341 Pyr., Oct. 6°010 | Cube alone 
6°442 Cube Pyr. 5°927 { from Tunaberg 
6°387 Oct. Pyr. 

6°151 

| 

6'215 ) Pyritohedrons from 

6°263 

6°208 | Pyr. from 

6°265 | 


5984 Pyr. from Skutterud. 


These figures agree essentially—to 80 or 90 per cent—with our 
preceding conclusions, that the crystals rich in cobalt are nega- 
tive and have a higher specific gravity. We may, however, 
with more certainty conclude that the octahedrons are negative 
and have G>6°30, while the cubes are positive and have 
G<6'1; the pyritohedrons vary in sign +, and have G>6'1. 
We found also two exceptions in the density, which we place 
beside the others without attempting an explanation by the 
suggestion of a possible admixture of. nickel. 


G. Sulphides of Iron. 


The important work of G. Rose has directed especial atten- 
tion to this species. On page 258 we have already given some 
results, which we obtained under the supposition of some es- 
sential connection between form and electrical character. A 
few observations are here added which relate especially to the 
chemical composition. 


Marcasite. Pyrite. 
+ 

Flight® Elba ) Cubes 
=5°020 Piedmont | =4'941 Devon. 
=5'195 polished =4'992 Cube 
erystals. Zephart | =4:998 Turinsk. 


Among the very large number of crystals we were able to 
invesii..te, we found only a few which over the whole surface, 
as wel! »s in the interior, were homogenous +.{ This will ex- 
plain the small number of determinations of specific gravity. 

* Flight, Ann. Chem. Pharm., vol. cxxxvi. 


+ Zepharovich, Dana Min., 1870, p. 63. 
¢ The majority of the crystals of pyrite are negative. 
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The abnormally low density of the cubes from Devonshire 
suggests that they may be altered material, pseudomorphs of 
marcasite after pyrite. The mineralogical habit is still that of 
pyrite, but the polish ‘of the planes is gone. Some + spots 
upon other — crystals would perhaps have a similar explanation. 

The higher specific gravity of pyrite in comparison with 
marcasite, and its — character (marcasite +), and its crystalline 
form resembling that of cobaltite, may possibly all have the 
same cause, viz: the admixture of Cu, Ni, Ag, Au, which 
gives pyrite its metallurgical value. The + varieties of FeS, 
are also distinguished by their density. We do not venture to 
draw any further conclusions from these scanty observations. 

5. By the preceding investigations, the fact has been estab- 
lished that all + varieties of minerals are distinguished also by 
their specific gravity. It is remarkable that for tetradymite, 
glaucodot, skutterudite, galenite, cobaltite and pyrite the density 
of the positive variety is less than that of the negative variety. 
We simply mention this fact without wishing to establish an 
dependence of the thermo-electricity upon the density in general, 
the specific gravity having been taken by us as merely an in- 
direct method of arriving at the chemical composition. The 
influence of the form upon the density we have attempted to 
exclude by making our comparisons only with varieties having 
the same structure, comparing crystals with crystals, massive 
specimens with massive. The effect of the temperature* was 
also eliminated so far as possible. 

With reference to the influence of the form upon the thermo- 
electricity we may remark in conclusion: The investigations of 
alloys of SSe, of BiS, of the oligoclase feldspars, of (KaNa),SO, 
has shown that the crystalline form does not change with the 
composition by regular gradations, but rather by abrupt leaps, 
and consequently remains identical within certain limits of 
chemical variation. The density, optical properties, and, as 
we regard it, thermo-electricity give a sharper indication as to 
identity or difference of material, than the crystalline form. 
Before establishing relations between the form and thermo- 
electricity, it must first be shown that the material in hand is 
identical. 

Our observations have demonstrated that in some cases the 
change in thermo-electrical character corresponds to a change in 
the chemical composition, and always to an alteration in the 
density. 

* On the influence of temperature, compare note 1, p. 261. It may be men- 
tioned in addition, that a change in density must also accompany the change of + 
in the case of iron at an elevated temperature. 
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Art. XXIII.—On the Possible Periodse Changes of the Sun’s 
Diameter ; by Stiuon NeEwcoms and Epwarp 
OLDEN. 


THE question whether the sun’s apparent diameter is subject 
to any changes which can be detected by observation, is one 
which has frequently engaged the attention of investigators. 

In 1809, von Lindenau examined the Greenwich observa- 
tions of the sun, from 1750 to 1755 and from 1765 to 1786, 
and he was led to the conclusion that the sun was an ellipsoid 
with a compression of 545 to +}, (Zach, Monat. Corr., 1809, June). 

Bessel, in the following number of the same journal, showed 
that a progressive shifting of the frame which held the reticle 
of the Greenwich transit instrument would account for the 
periodicity in the observed values of the solar diameter, and 
since that time, the generally accepted conclusion has been, 
, that the figure of the apparent solar disc was circular and its 
diameter constant. 

In Gould's Astron. Journal, iii, p. 97, Winlock has given a 
discussion of the Greenwich observations of Bradley, and in 
the course of the investigation the varied personal errors of 
various observers are obtained for the first time. 

It is to be noted, moreover, as a point in the history of this 
question, that Bianchi (Astr. Nach., No. 218, bd. ix, col. 866) 
rediscussed this subject (1831), apparently without a knowledge 
of Lindenau’s research, and that he found the solar compres- 
sion to be 33,5. By different combinations of his data, he, 
however, obtained values for this quantity varying from ;5'33 


to 

Le Verrier (Annales de Obs. de Paris, tome iv'™*, p. 69) 
also examined this question, and by a process, which he merely 
indicates, arrived at the conclusion that no real variation in the 
sun’s diameter so great as 0*02 was likely to exist. 

Since that time the question has not been directly discussed 
until it was raised by Secchi, whose observations and conclu- 
sions have lately received thorough and searching examination 
by Auwers (Monatsberichte der k, Akademie der Wissenschaften 
zu Berlin, May, 1878). As the date of this is so recent we shall 
merely refer to it in passing, calling attention also to certain 
— by Respighi and Secchi in the Comptes Rendus, 1873. 

n the Vierteljahrschrift of the German Society, 
January, 1873, Wagner has given a discussion of some of his 
own transit observations, which show that the state of the sun’s 
image as to sharpness or goodness of definition has a direct in- 
fluence upon the observed value of the diameter. 


H 

j 
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That is, if with Wagner an observer assigns a weight to each 
observed transit of the sun, this weight expressing the goodness 
of the image as to steadiness and definition, it will be found 
that each class of observations so defined will give a diameter 

eculiar to itself, and differing in a constant way from the 

iameters deduced from the other classes. Dr. re Idén has 
found the same thing to be true of observations of the sun’s 
vertical diameter made with the Pulkowa vertical circle, and 
Dr. Becker of Neuchatel corroborates Wagner's results for hori- 
zontal diameters. We shall have occasion to revert to Wag- 
ner’s statement, and to show that the observations of both 
diameters made at Washington in the years 1866 to 1870 en- 
tirely confirm it. 

The great importance of the conclusions drawn by Secchi 
from his observations has induced us to test them by a method 
different from those of Auwers and Wagner. The difficulty 
which besets this entire subject is to distinguish between actual 
variations of the sun’s diameter and errors of observations, 
When, like Auwers, we take a number of series of observations 
extending over a considerable period, we find with great proba- 
bility that there is no considerable variation with a period 
varying between several weeks anda year. But the number 
of observations is so small that entire certainty with respect to 
small variations, and especially with respect to variations havin 
a period of only a few days, cannot be attained by this metho 

hether we take the mean by days or by months, we shall 
find the mean results for different days and different months 
to be different, and it will always be impossible to say that 
these differences are wholly due to errors of observation. 

There is another way of considering the subject by which we 
may _— to attain greater certainty. Suppose we have two 
series of observations of the sun’s diameter made simultaneously 
at two different observatories, so that each observation of the 
one series is accompanied by a simultaneous one of the other 
series. Then, if the outstanding difference between each mea- 
sure, and the mean of the whole series to which it belongs, is 
due entirely to the accidental errors of observations, there will 
be no relation between the differences of the two series. But, 
if a portion of the difference is due to an actual change in the 
sun itself, the differences which are positive in the one series 
will be accompanied by a preponderance of positive differences 
in the other series. For on the days’ when the sun is larger 
than the average, the probability of finding a positive correc- 
tion will be more than 4 at each observatory, and hence the 
probability of an agreement of sign will be greater than }. If 
the probability in each case be $+, it is easy to see that the 
probability of an agreement will be $+2a?. 
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Our results should, however, depend, not on a simple enumera- 
tion and comparison of the signs of the residuals, but also on 
the magnitude of the latter, and we may secure this dependence 
by taking the algebraic product of each residual of the one 
series by the corresponding one of the other. If the residuals 
are purely accidental, the mean value of these products should 
approximate to zero as the number of observations is increased, 
while in the case of actual variability it will approximate to 
—e. limit. Let us investigate exactly what this limit 
will be. 

If we have two determinations of any quantity, each affected 
by a common but unknown error s, and also by independent 
accidental errors r and 7’, whose law of probability is that 
usually assumed in the method of least squares, so that the 
total errors of the two determinations are s+7 and s +7 
respectively ; and if an infinite number of pairs of determina- 
tions are made; it is required to find the mean value of the 
product (s + 7) (s + 7’). . 

If the measure of precision of the determinations is put 
equal to unity, the probability that any error of one observa- 
tion of a pair will fall between the limits s+r and s+r+dr is 


1 
.é. "dr ; 


the probability that the error of the other observation of the 
pair will fall between the limits s+7’ and s+7’+dr’ is 

1 

dr’. 

The probability of the combination is therefore 


This probability multiplied by the product of the errors is 


. ar. dr’. 


The mean value of the product required is the sum of all 
these products, as r and 7’ each varies independently from + 00 
to —o, or the double integral 


1 pt ® 
=f S (etne .dr.dr. 
-0 -© 


Integrating first with respect to 7’ we find 


| 
i 
| 
| 
| 
| 
| 
| 
| 
| + OO + OO 
- 00 - 0 
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The double integral therefore becomes 


+ 
- 00 


The mean value in question is therefore equal to the oo of s. 

To apply this method to the case in question we should have 
two series of observations, each sufficiently long and numerous 
to eliminate every source of personal and systematic error. 
Being unable to find at hand two series sufficiently extended, 
made nearly on the same meridian, we have taken for compari- 
son the observations made at Greenwich and Washington 
during the years 1862-1870 inclusive. The difference of me- 
ridian, five hours, will prevent the detection of any inequality of 
which the period is less than a day, while one with a socom | of 
six months or a year will be confounded with errors of observa- 
tion having that same period, which probably arises from at- 
mospheric condition. ut, an inequality, either regular or 
irregular, of which the period ranges between a day and a half 
year, will admit of complete detection by the proposed com- 

arison. 

All the Greenwich observations which we have used were 
made with the transit circle: from January, 1862, to January, 
1866, the egy observations were made with the Ertel 
transit and the Troughton mural circle; after this date the 
Pistor and Martin’s meridian circle was alone used for this 

urpose. 

, he method of observation at each place is well known, and 
it only remains to be said that all transits were registered by 
chronograph. The observations are distributed as follows: 


No. of Observations. 
H.D. 


Greenwich 1862-1870: 832 
Washington 1862-1865: 491 
1866-1870: 490 


1813 

Many observers were employed in this work, and it was first 
necessary to make the observations homogeneous by subtract- 
ing from each separate “apparent error of a diam- 
eter” the “personal error of the observer.” These last errors 
were assumed to be constant throughout a year, and were deter- 
mined by isolating the work of each observer for each year and 
by fixing the mean “apparent error of Ephemeris diameter ” 
given by his observations, which was called the “adopted per- 
sonal error” of that observer for that year. In some cases 
some slight changes from this rule have been allowed, but the 
following tables are believed to represent each observer's habit 
as well as possible from the data. 
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ephemeris, and the small figures below them show the number 
of observations upon which each number depends. 


In Wagner's paper, above referred to, sufficient data are given 
to allow his work to be treated in a like way, and his observa- 
tions give when so treated the following results, which agree, in 
general, with the figures in the above table. 


Pulkowa Class IV. -0°055 Wash. Weight 2-3 — 0°063 
IV-III. —0-020 
IIL -+0-029 3-4 +0180 
Although the weights of Washington observations were as- 
signed by as many as six or seven different observers, each by 
a different standard, the agreement between the resulting errors 
of ephemeris diameter at Washington and Pulkowa is evident, 
in regard to sign at least. 

To show how rough a division of sun observations according 
to state of image will exhibit the effect of good definition upon 
the deduced values of diameter, we further divided the Wash- 
ington observations into two classes: class 1 comprises those 
observations made when the cloudiness of the sky was 0; class 
2 comprises those made when the cloudiness ranged from 5 to 
10. (O=clear sky, 10=all overcast.) These numbers 0-10 
were but the rough estimates of the three watchmen of the 
observatory, made at noon: and yet the following table shows 
strongly the effect of the cloudiness upon the diameter deduced 
from observation. 

Horizontal Diameter. Vertical Diameter. 
Year. Cloud=0: Cloud 5-10. Cloud=0: Cloud 5-10. 


8 8 a“ 
1867 —0°033 +0°012 —0°45 + 0°35. 
1868 —0°047 +0.030 —1°45 +0°45. 
1869 +0039 +0°75 +0:11 
1870 —0°093 +0°014 —0°70 —0°44 
The numbers in the various columns are again the mean ap- 
parent errors of ephemeris diameter (corrected). The cause of 
the periodicity in the monthly means being now understood, it 
remained to free the separate residuals from periodic error, 


Weights—1. 2. 3. 4. 1-2. 2-8. 344. 
Year| H.D, | V.D.] H.D. | V.D.J | V.D. J H.D. | V.D.] H.D. | V.D.§ H.D. | B.D. | v.D, 
8. s. 8. 8. 8. 8s. 
2 3 32 hi 34 A 4 5 | I I I I 
8 3 9 40 | 40 9 7 I 
: 5 5 I 17 18 18 2 3 6 5 
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which was done by the application of corrections derived from 
the following formule :— 


For Horizontal Diameter. 
—0°°023 cos 0—0*006 sin 6—0*016 cos 20 
~0*011 sin 26, 
-+0*'008 cos 6—0*:010 sin 4, 
cos sin 6. 


Greenwich 1862-70: 


1862-65 : 
1866-70 : 


Washington 


For Vertical Diameter. 

—0'"47 cos 0—0'"13 sin 6—0'07 cos 20— 
sin 29, 

1862-65: +0'°09 cos sin 98, 

1865-70: —0'09 cos 6-+-0''02 sin 6. 


Each residual error of ephemeris diameter (diminished by the 
corresponding personal error) was now further corrected by the 
application of a correction derived from the above formule, and 
a series of residuals formed. Whenever a Washington and a 
Greenwich observation were made on the same day, the corre- 
sponding corrected residuals were multiplied together, and the 
sums of these products were tabulated as below. 


Greenwich 1862-70: 


Washington 


NUMBER OF CORRESPONDING 


Sums oF PRODUCTS. 


Hor. Diam. 


Vert. Diam. 


Hor. Diam. 


Vert. Diam. 


8. 
—0°0492 
+0°0007 
—0-0185 
+0°0094 
+0°0151 
—0°0364 
+0°0122 
+0°0433 
— 0°0843 


— 19°69 
— 2°10 
— 12°55 
13°87 
4+ 7-20 
— 841 
+ 2°67 
+ 6°73 
— 10°86 


33 
40 
44 
49 
48 
31 
37 

6 
25 


24 


—0°1077 


— 


313 


We see by this table that there is a decided preponderance of 
negative products. This result seems conclusive against the 
assumption of any sensible variability of which the period, 
regular or irregular, lies between one day and six months. In 
fact, if we regard the preponderance as due not to chance, but 
to some systematic tendency, it would show that the greater 
diameters at Greenwich corresponded to the smaller ones at 
Washington, and vice versa: a result which could arise only 
from a tendency to vibrations of short _ probably not 
differing much from 10 hours. We are, however, inclined to 
attribute this result to chance. The mean value of the prod- 


if 
| 1862 = 
63 25 
64 24 
65 41 
i 66 54 
67 28 
i 68 39 
69 
1870 25 
271 
| 
His 
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uct of two residuals is about *007 in horizontal diameter, and 
15 in vertical diameter. In the number of products added 
up, the accidental accumulations of products of one sign might 
very well amount to 15 times this mean, while the sums for the 
individual years are not, on the whole, materially greater than 
would arise from chance accumulation. Were it not so, the 
most remarkable feature of the table would be the correspon- 
dence of sign between the sums of residuals of vertical and 
horizontal diameter for each year, which we could not expect 
more than 10 times in 512=2* trials. This, if not accidental, 
would indicate that during some years, 1864 and 1870, for 
instance, there was a tendency to a ten hour vibration of the 
solar diameter. From what has been said, we are not author- 
ized to attribute this correspondence to anything but chance. 


Art. XXIV.—A New Calculating Machine; by GrorGeE B. 
GRANT. 


“Since the dawn of mathematical science in Europe, the 
attempt to construct a machine, capable of satisfactorily per- 
forming arithmetical operations, has occupied the attention of a 
great number of ingenious men, several of whom have been 
among the most celebrated of their time for originality of 
genius and for the large contribution which they have made to 
the progress of science.’”* 

Leaving out of mention the Greek abacus and the Chinese 
schwan-pan of ancient times, the first recorded attack on this 
difficult problem was made in the tenth century by Gerbert, 
Chancellor of France and afterward Pope under the title of 
Sylvester II. He is credited with the introduction into Europe 
of the arabic numerals, and endeavored to construct a mechan- 
ism to facilitate their use. But of his results we have no pub- 
lished account. 

The first successful device was the invention of John Napier, 
celebrated for his invention of logarithms. His “rhabdology,” 
or as they are better known, “ Napier’s bones,” can hardly be 
classed as mechanism, and they are too well known to need 
description here. 

The first actual machine of which we have detailed informa- 
tion was the invention of no less a man than Blaise Pascal, the 
distinguished philosopher of France, who in 1645 published an 
account of his “arithmetical machine,” on the invention of 
which he had spent several years. 

* President Barnard of Columbia College, in the U.S. Reports of the Exposition 


of 1867. ‘The Industrial Arts and Exact Sciences.” Harper & Brothers. New 
York. 1867. 
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The diagram, fig. 1, will illustrate Pascal’s design sufficiently 
for the purposes of this article. A horizontal wheel having 
ten teeth turns in an opening in the 

fixed upper plate of the machine, 
and about the opening are the ten 
numerals. A pencil placed be- 
sfitti tween the teeth at any number and 

9 brought round to the stop will turn 

if 4 the wheel through that number of 

4 teeth and record it on the large 

AN) doer 0 \ figured cylinder. The cylinder is 
provided with two rows of figures 
complementary to each other, so 
that the result is addition or sub- 
2 traction, according as we read by 
7. one row or the other. Carriage 
| was accomplished by mechanism 


on the shaft of the cylinder, which 
forced the next cylinder forward 

one figure whenever its own passed 

PASCALS MACHINE. from 9 to 0 ; 

Pascal’s machine was not a success, for though correct in 
theory it was so complicated, delicate, uncertain, and limited in 
its operations, that it was practically useless. But the principles 
of its action, particularly tie toothed wheel, fixed figured are 
and stop, and the complementary rows of figures, have appeared 
in most subsequent machines, and have been patented many 
times as new both in this country and in Europe. 

Without giving a complete history of the I can men- 
tion the names of Roger Bacon, Leibnitz—the inventor of the 
Infinitesimal Calculus, Diderot, Gersten, and Sir Samuel Mor- 
a as among those who have paid particular attention to this 
subject. 

The next attempt resulted in a substantial success, and by a 
man otherwise entirely unknown. Charles Xavier Thomas de 
Colmar patented in 1822 his “arithmometer,” a machine that 
not only solved the long tried problem, but solved it practically, 
and which is now in use in large numbers for actual work. 
The able description, in the United States Reports above referred 
to, of this machine and of the subject in general, is so accessible 
to the public, that a detailed account is unnecessary here 

Colmar’s invention has been directly or indirectly adopted 
by every inventor who has successfully appeared in public 
since his time. The principle of his invention is shown by the 
diagram fig. 2, in which a recording wheel is in gear with a 
driving wheel having a variable number of teeth, and the 
number added to the recording wheel at each turn of the 
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driver will depend on the number of teeth exposed. Colmar 
varied his number by placing nine rows of teeth side by side, 
2. 


Recording wheel. 


COLMAR’S PRINCIPLE. 


having from one to nine teeth each, and made the recording 
wheel movable, to be placed to gear with either row at pleasure. 
Other inventors, as Staffel of Russia, have made the teeth sep- 
arately removable, so that those not wanted could be put out 
of gear. Another has hung the driver on a movable axis and 
— means for meshing the two wheels at the proper place 


or the desired number of teeth to act. Still another spreads 
Colmar’s nine rows of teeth out on a plane, and moves the 
recording wheel over them. 

Calculating machines by the score may be found in the pat- 
ent records of the United States, England and France. Col- 
mar’s idea has been twisted into every conceivable position, but 
no improvement has been made on the disposition originally 
adopted by him. And his machine is the only one now in use, 
to any mentionable extent. 

Colmar’s machine, as the first solution of an old and well 
studied problem, and as a specimen of the mechanism of his 
day, certainly deserves the highest praise. But it is undenied 
that it is in a high degree complicated, a mass of small cog 
wheels and delicate mechanism, which require close adjust- 
ments, and which easily get out of order, requiring the greatest 
care in handling and the best skill in repairing. The needs of 
the present time require, and the state of the art at this day 
admits of, a better design, one that is simpler and of more sub- 
stantial construction, easier to put in order and easier to keep 
in order, and better suited for the use of those but little accus- 
tomed to machinery. And as such we will introduce the sub- 
ject of this paper. 

The New Machine.—In the diagram fig. 3 all framing and 
unessential parts are omitted, and the positions so arranged as 
to show the principle of action most denis. 


| 
| 
o 


280 G. B. Grant—New Calculating Machine. 


Two parallel cylinders are geared to turn together. One 
cylinder is larger than the other, but the gears are equal, so 
that one turn of the handle on the larger revolves both once. 
The larger cylinder slides laterally on its arbor, and can be 
placed opposite any part of the smaller at pleasure. 


On the small cylinder are a number of recording wheels, 
more or less according to the capacity desired. Lach is pro- 
vided with thirty teeth, and a numeral is stamped at each tooth. 
A fixed point, R, is chosen as the reading point, and the number 
shown at any time at that point is the reading of the wheel. 

On the large cylinder are a number of driving wheels, each 
having an adding pin, P, which can be fixed in ten different 
positions by the pin at r. 

On a bar between the cylinders is a row of fixed spring claws, 
one for each recording wheel. If the claw be pushed slightly 
* nes side, it will drop off its catching pin on to the wheel and 

old it. 

As the handle is turned, the recording wheel revolves with 
its cylinder, but when the adding pin strikes and lets down the 
‘ claw, it will be held still till the lifter L is reached, by which 
the claw is returned to its pin and the wheel allowed to pass 
on. It has, by being held, been carried over a number of teeth 
from its original reading, more or less according to the position 
of the adding pin on its cylinder. If the adding pin is placed 
at its zero position, it will come to the claw simultaneously 
with the lifter, and the wheel will not be affected. But if it be 
placed at 7 for example, it will reach the claw seven teeth in 
advance of the lifter, and the number seven will be added to 
the wheel. 

The action between each wheel claw and adding pin is the 
same, and it is plain that the number represented by the setting 
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of the adding pins will be transferred to the recording wheels at 
each turn of the handle. If now the larger cylinder be set up 
one space, each pin will act on the next wheel above and ten 
times the number set up will be added. 

The carriers for effecting the carriage of the tens are placed, 
one for each wheel, between it and the next one higher, each 
one being a tooth in advance of the preceding one. It is a 
simple lever fixed on the cylinder behind the lifter, L. As the 
wheel passes from 9 to 0, a stud c upon it will strike the car- 
rier and throw it over slightly. When over, it is in the path 
of the next claw above, and will throw it off so as to add one 
to its wheel before reaching a second lifter. 

The machine as above described is complete and ready for 
work, all that is essential being the adie wheels, adding 
pins, claws, lifters, and carriers. But for the sake of convenience 
and efficiency, various attachments might be added. As for 
instance, a ratchet and click to prevent backward motion of the 
handle, a counter to register the turns of the handle, and for 
-~ purposes a printing apparatus, to record the results of the 
wor 

Eraser.—A valuable attachment always found on an efficient 
calculating machine is an apparatus by which a result may be 
erased and all the wheels brought to zero at once. This era- 
sure is required before each operation, and to do it by hand, 
one wheel at a time would be tedious and inaccurate. 

Projecting from the wheel is the erasing pin, E, and fixed 
on the side of the frame is the zero bar. Innis bar is com- 
mon to all the wheels, and is ordinarily up out of the way of 
the pins, but when pressed down will be in their path. If then 
the cylinder be turned backward, each pin will stop when it 
reaches the bar, and all the wheels will be brought to zero 
simultaneously. 

The process by this machine is always an addition, never a 
subtraction. But subtraction of any number is accomplished 
by setting it up by the inner row of figures on the adding 
wheel, they being so arranged that the complement of the num- 
ber set up will be used. 

The size of the machine varies with its capacity. The record- 
ing wheels are 1} inches and the adding wheels 24 inches in 
diameter, and the distance from wheel to wheel is three-eighths 
of an inch. A ten-wheel machine would occupy a box 6x6x4 
inches in dimensions. 

The compound action of the claw being thrown from its pin, 
catching on the wheel, carrying it along a definite distance, 
rising and catching again, may be considered complicated and 
delicate. But the fact is it is very reliable: a poorly made 
apparatus has been worked at the rate of 10,000 operations per 
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minute with perfect accuracy. The object of having one cylin- 
der nearly three times the size of the other is to secure this 
accuracy. The angular motions are equal, but the actual 
_— of the pin is nearly twice that of the wheel, ensuring 
that the claw shall strike the right tooth every time, even if 
the parts are not precisely in their proper places. 

Operation.-—Multiplication is accomplished by the principle 
of successive addition of the multiplicand to itself, first used 
mechanically by Colmar, and in fact the only practical and 
reliable principle yet proposed. Since the invention of > 
bones, many have tried to give them a more mechanical shape, 
and to use them in automatic machinery. But though it has 
been done in several ways, the result has always been too com- 
plicated, clumsy and costly, to compete with the theoretically 
more roundabout, but practically simpler and shorter method 
borrowed by Colmar from the mental process. 

For an example let us multiply 657 by 325. The adding 
~ are first set to the number 657 and the recording wheels 

ruught to zero by the bar, after which five turns of the handle 
will transfer it five times on to the wheels and 5x 657, or 8,285, 
will appear. Then set the cylinder up one space, and two 
turns will multiply 657 by 2 and add ten times the product, or 
13,140, to the 3,285 previously shown. Another shift of the 
pins anc three turns will complete the operation and show the 
fins] product 213,525 in plain figures. This result can be 
obtained in ten seconds, allowing one-half a second for each 
turn and each figure set up, and one second for erasing and 
for each shift of the cylinder. 

The larger the numbers used the greater the proportional 
gain over mental labor; for the machine will add ten figures 
to ten as quick as one to one, while mentally it would take 
ten times as long. But the greatest advantage of the mechani- 
cal method is not in the time saved, but in the superior ease 
and accuracy with which the work is done. 

Reduction of Star Places.—If the result ab of any multiplica- 
tion is not erased, the result of the next cd will be ab+cd, and 
if either c or d are set up negatively the result is ab—cd. By 
an attachment, this machine is peculiarly adapted to work the 
quantity Aa+Bb+Cc+Dd+ &c. for star reductions, where the 
same values of ABCD or of abcd are used for a large number 
of operations. Four or more fixed quantities, ABCD, etc., can 
be set up once for all, and either one be quickly brought to act 
at pleasure to the exclusion of the others, 1t not being necessary 
to set it up figure by figure. With this attachment, reductions 
to apparent place may be made at the rate of two per minute, 
whereas it usually takes from three to five minutes for each 
operation. 


G. B. Grant—New Calculating Machine. 283 


Addition and subtraction are of course worked directly, but 
in common with all machines yet contrived, it offers small 
advantages over the common method, except in regard to ease 
of execution. For large work of four or more places it would 
be found useful, but to ordinary accounts no machine has yet 
been profitably or extensively applied. 

For division two different processes may be employed. One, 
the old tentative process used by Colmar, is nothing but the 
usual mental method put into mechanical shape. The other is 
an improvement on the first, by which it is rendered automatic 
and entirely independent of mental labor. It is peculiar to 
this machine, and presents the first solution of the problem of 
mechanical division. 

By the tentative method we first set up our dividend 213525 
on the wheels by hand, or better, by transferring it from the 
pins. We then set the pins to our divisor 0657, by means of 
the inner or negative rows of figures, taking care to leave one 
zero in advance of it. Then place it up opposite the 135 of the 
dividend, and turn the handle, stopping at every turn to observe 
the dividend. It will continually decrease, and when you per- 
ceive that it is less than the divisor, you must stop and set the 
pins down one place before proceeding to the next figure. In 


the above case, the dividend after three turns will read 16425, 


and that being less than 65700 the first quotient figure is 3. 
The wheels will then read 00003016425, the quotient figure 
being recorded automatically by the machine on the upper 
wheels left vacant by the retreating dividend. 

To explain the automatic method we need to follow the pro- 
cess of continual subtraction a little more closely. 


218525 
99993843 —1 


147825 
9999343 —2 


82125 
9999343 


16425 
9999343 


999950725 
657 +1 
16425 


—8 


—4 


As 9999343, the complement of our divisor 
657, is added, the divisor decreases, and after 
three divisions is reduced to 16425, a number 
less than 65700, requiring us by the old method 
to stop and set down for the next figure. And 
it is necessary to watch for this point, for 
mechanism to determine that 16425 is less than 
65700 has never yet been contrived, and it is 
doubtful if a simple apparatus could be devised 
for that purpose. 

But it may be observed that if 65700 is sub- 
tracted from 16425 once more, that a negative 
number would result. And where, as on this 
machine, a negative number is expressed by 


its complement, its mechanical perception is an easy matter, since 
for such a case the upper wheels all read nine. A snap, which 
will indicate when the last wheel stops on nine, will answer 
our purpose, and warn us that a mistake of one turn has been 
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made. Having made a mistake, we must correct it by adding 
our divisor once, and bring the dividend back to a positive 
number, ready to set down for the remaining figures. 

The problem of the calculating machine is an exceedingly 
difficult one, as anyone acquainted with the immense labors of 
Pascal, Leibnitz, Babbage and Scheutz will acknowledge. 
Pascal speaks of his invention as “a work of some years.” 
Leibnitz, at the height of his fame, devoted four years to this 
object, and failed; Babbage worked from 1822 to 1842 on his 
Difference Engine to no purpose; and Scheutz was from 18384 
to 1854 bringing his machine to the partially successful condi- 
tion it is now in. The machine described above for the first 
time is the result of nearly four years of study and labor. 

Cambridge, Mass., July 15, 1874. 


Art. XX V.—Researches on the Hexatomic compounds of Cobalt ; 
by Wo.cott Grsss, M.D. 


[Continued from page 200.] 
Bromo-nitrate of xanthocobalt—One molecule of bromide of 


xanthocobalt was mixed with one of the nitrate of the same base, 
both salts being in solution in hot water. A dark, sherry-wine- 


colored salt separated, after some hours, in well defined crystals. 
In this salt 
0°8925 gr. gave 0°4190 gr. SO, Co==17°86 per cent cobalt. 
0°7116 gr. gave 0°1244 gr. silver =12°94 per cent bromine. 


The formula Co,(NH,), ,(NO,),(NO,),Br, 17°77 per 


cent cobalt, and 24°09 per cent bromine. The salt was re- 
dissolved and allowed to crystallize a second time. In the salt 
thus obtained 
9°8538 gr. gave 0°3984 gr. SO,Co=17°76 per cent cobalt. 
0°8474 gr. gave 0°2672 gr. silver =23°62 per cent bromine. 


These results leave no doubt that a definite bromo-nitrate, 
analogous to the chloro-nitrate, is formed by direct union of 
the nitrate and bromide. The salt appears to be, however, 
much less stable than the corresponding chlorine salt. A por- 
tion of it was crystallized a third time, and then gave 23-04 per 
cent of bromine, indicating the commencement of a separation 
into bromide and nitrate. The facility with which the chloro- 
nitrate is formed by the direct union of its constituents, led me 
to attempt the formation of other new salts by a similar process. 
I mixed one molecuie of chloride of purpureocobalt, and one 
of nitrate of xanthocobalt, in the hope of obtaining a salt 
with the formula Co,(NH,)io(NO,)(NO,),Cl,, since 
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Co,(NH,j) , +Co,(NH,), .(NO,)2(NO;),= 


After boiling the mixture with a little free acetic acid, the so- 
lution deposited on cooling deep orange-red, apparently homo- 
geneous, crystals. Of these 

0°3145 gr. gave 0°1746 gr. SO,Co=21°13 per cent cobalt. 

0'9203 gr. gave 0°5080 gr. silver 17-99 per cent chlorine. 
The formula Co,(NH,), (NO, requires 20°90 co- 
balt, and 18°86 per cent chlorine. The analyses seem to show 
that a salt having the composition given may exist. On re- 
crystallization, the salt was.more or less completely decom- 
posed, as the following analyses show : 

0°2125 gr. gave 0°1161 gr. SO,Co=20°80 per cent cobalt. 

0°5933 gr. gave 0°2470 gr. silver 13°70 per cent chlorine. 

0°7888 gr. gave 0°3308 gr. silver =13°78 per cent chlorine. 
These numbers approximate to those required by the formula, 
Co,(NH,), ,(NO,),(NO,),Cl,. I attempted in like manner 
to form salts synthetically by mixing other salts in the propor- 
tions indicated by the equations: 


Co,(NH,) ,.(NO,),Cls. 


The experiments led, however, to no definite results. 

The chloro-nitrate above described is the sult to which I, at 
one time, attributed the formula 

and which I regarded as the chloride of a special radical, “ flavo- 
cobalt,” Co,(NH,),,(NO,),. The mere analyses can hardly 
distinguish with certainty between the two formulas, and I was 
for some time misled by an erroneous interpretation of my 
results. The compounds of cobalt containing ammonia and 
nitroxyl, NO,, have in general the same color, and differ but 
little in solubility, so that it is extremely difficult to separate 
them, and in my analyses of what I believed to be the sulphate 
and nitrate of the same base, I had undoubtedly to deal with 
impure salts of xanthocobalt. Krok* has described a salt 
with the formula Co,(NH,), ,Cl(NO,),+30H,. There is no 
theoretical reason why such a compound should not exist, but 
Krok’s analyses do not appear to me sufficient, as the cobalt, 
chlorine and ammonia only were determined, and not the whole 

uantity of nitrogen in the salts. Moreover, it is not proved 
that the salt can be recrystallized without decomposition, or 
that it forms definite compounds with metallic chlorides. 


* Acta Univers., Lund, 1870. 
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As the chloride and nitrate of xanthocobalt are capable of 
uniting directly to form the chloro-nitrate above described, it 
might be supposed that the two salts are isomorphous, and, 
therefore, crystallize together in all proportions. According to 
Prof. Dana’s measurements, cited in the first part of this 
memoir, nitrate of xanthocobalt crystallizes in forms belong- 
ing to the dimetric or square prismatic system. Prof. Cooke 
has kindly determined the form of the corresponding chloride, 
and finds that the crystals are either trimetric or monoclinic. 
The chloro-nitrate cannot, therefore, be regarded as a mixture 
of two isomorphous salts. 

11. Finally, salts of xanthocobalt are formed by the action of 
Fischer’s salt, Co,(NO,),,K,, upon salts of purpureocobalt and 
roseocobalt. When, for instance, chloride of purpureocobalt 
is dissolved in boiling water, with a little free acetic or chlor- 
hydric acid, and Co,(NO,),,K, is added, in small portions at 
a time, the violet color of the salt gradually disappears as the 
boiling continues, and the solution finally assumes a fine orange- 
brown tint. The filtered solution gives on cooling fine crystals 
of chloride of xanthocubalt, the reaction being probably ex- 
pressed by the equation 


+ 
During the boiling red vapors are given off. In one experi- 
ment the chloride of xanthocobalt formed was analyzed, with 
the following results : 
0°5027 gr. gave 0°2987 gr. SO,Co= 22°62 per cent cobalt. 
0°7616 gr. gave 0°6351 gr. silver =27°35 per cent chlorine. 
The formula Co,(NH,),,(NO,),Cl, requires 22°52 per cent 
cobalt and 27°09 per cent chlorine. The salt gave all the reac- 
tions of the chloride. 

On the other hand, Fischer's salt is an almost constant pro- 
duct of the action of the alkaline nitrites upon salts of the 
decamin series. I have already mentioned its occurrence 
among the products of the action of potassic and sodic nitrite 
upon chloride of purpureocobalt. hen nitrate of xantho- 
cobalt is boiled with potassic nitrite and a little acetic acid, 
Fischer's salt is formed in abundance, and the nitrate is gradu- 
ally decomposed, without formation of any other product which 
I could detect. 

Chromate—When neutral potassic chromate is added to a 
solution of nitrate of xanthocobalt, a beautiful yellow crystal- 
line precipitate is thrown down, which may be washed with 
cold water, in which it is but slightly soluble. Hot water also 
dissolves this salt in very small quantity. The chromate has 


the formula 
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as the following analyses show : 


0°4340 gr. gave 0°3652 gr. CrO, Ba=35-96 per cent CrO,. 
0°3472 gr. gave 0°2900 gr. CrO, Ba=35°70 per cent CrO,. 
0°6954 gr. gave 0°3370 gr. water = 5°38 per cent hydrogen. 


The salt lost only 0°68 per cent water on drying up to 145° C. 
The formula requires 35°84 per cent CrO,, and 5:24 per cent 
hydrogen. It is remarkable that the salt should retain its water 
of crystallization at so high a temperature. The neutral chromate 
of xanthocobalt furnishes the most convenient method of ob- 
taining the chloride and sulphate of xanthocobalt in a state of 
purity. For this purpose the chromate is to be boiled with 
water and a little acetic acid, and a solution of baric chioride 
added until baric chromate is no lunger formed. From the 
filtrate the chloride of xanthocobalt crystallizes readily, and a 
second crystallization gives the salt perfectly pure. The sul- 
phate may then be prepared from the chloride by double de- 
composition with argentic sulphate. In the preparation of the 
chloride by the above process, it is not necessary to operate 
with pure nitrate, but the crude salt and solutions obtained 
nals by the action of the red gases upon cobaltic nitrate 


and ammonia may be employed. I am even disposed to con- 
sider double decomposition of the chromate with baric nitrate 


the easiest method of obtaining a perfectly pure nitrate of 
xanthocobalt. 

Dichromate.—Potassic dichromate produces in strong solutions 
of nitrate of xanthocobalt a beautiful orange-yellow precipitate 
of crystalline needles, easily purified by recrystallization, a 
few drops of acetic acid being added to prevent decomposition. 
The salt is easily soluble in hot water, and crystallizes readily, 
though not in well defined crystals, from the solution. Like 
the neutral chromate, it is available as a means of recognizing 
salts of xanthocobalt, and of obtaining them in a state of purity. 
Of this salt 

0°6570 gr. gave 0°8200 gr. CrO, Ba=53°33 per cent Cr,O,. 
0°3974 gr. gave 0°4950 gr. CrO, Ba=53'23 per cent Cr,O,. 
0°4868 gr. gave 0°1830 gr. Cr,0, =53'40 per cent Cr,0,. 


The formula Co,(NH,), ,(NO,),(Cr,O,), requires 53°22 per 
cent. 

Lodosulphates.—A solution of potassic iodide gives no precipi- 
tate at first with one of nitrate of xanthocobalt, but after stand- 
ing some time, pale brown-yellow acicular crystals of the iodide 
Co,(NH,),,(NO.),1, are formed. When a solution of iodine 
in potassic iodide is added to one of nitrate of xanthocobalt, 
iodine is precipitated in crystals, but no hyperiodide is formed, 
as in the case of the iodide of the hexamin series already de- 
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scribed. Potassic iodide gives, with a solution of sulphate of 
xanthocobalt, brown yellow needles, which, after re-solution, 
gave larger prismatic crystals. Of these 


0°5396 gr. gave 0°2207 gr. SO, Co=15°57 per cent cobalt. 
0°8856 gr. gave 0'2689 gr. SO, Ba=12°51 per cent SO,. 
0°4541 gr. gave 0°1288 gr. silver =383°37 per cent iodine. 


The formula Co,(NH,), ,(NO,),SO,I, +20H, requires 
Calculated. Found. 
15°40 15°57 
Iodine, 2 33°16 33°37 
so, 1 12°53 12°51 


When a solution of iodine in potassic iodide is added to one 
of sulphate of xanthocobalt, very beautiful, deep ruby-red, 
well defined crystals are formed, which are readily decomposed 
by hot water, with evolution of iodine vapor, and cannot be 
recrystallized for analysis. Of these crystals 


0°6094 gr. gave 86°5 c.c, nitrogen at 13° C. and 758°6 mm. (h= 
2°08 mm.)=16°63 per cent nitrogen. 
0°2142 gr. gave 0°0687 gr. SO, Co=12°21 per cent cobalt. 
0°6104 gr. gave 0°1870 gr. SO,Co=11°64 per cent cobalt. 
0°3940 gr. gave 0°1672 gr. silver 49°90 per cent iodine. 
0°5437 gr. gave 0°2310 gr. silver =49°96 per cent iodine. 
0°3020 gr. gave 0°0724 gr. SO,Ba= 9°87 per cent SO,. 
1:0627 gr. gave 0°2787 gr. SO, Ba= 10°80 per cent SO,. 


Cobalt, 2 


The formula Co,(NH,), ,(NO,),SO,I, requires 


Found. 

2 

12°21 11°64 
49°90 49°96 
9°77 10°80 
16°63 


Calculated. 


11°99 
51°60 


Cobalt, 2 

Iodine, 4 

SO, 1 9°75 

Nitrogen,12 17°07 
Salts 1 and 2 were from different preparations. 

The analyses do not correspond as closely to the formula as 
might be wished, but it must be remembered that the salt can- 
not be recrystallized without decomposition, and is probably 
not quite free from the first described, or normal iodo-sulphate. 
The salt gives off iodine on heating. The structural formulas 
of the two salts may be written as follows: 


NH, -NO, 

NH, -~NH, 

NH,—- 

NH; ~NH,> Co, 
NH, -NH,-I 
NH,-NO, 


Co, 


NH, —NH,-I 
NH, 
NH, 
NH,—NH,-I 


This mode of writing the formulas, however, involves certain 
theoretical conclusions, which I shall examine in detail here- 
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after I added PtCl,Na, toa solution of sulphate of xantho- 
cobalt, hoping to obtain a salt with the formula Co,(NH,),, 
(NO,),(SO,)Cl, (PtCl,), analogous to a platinum salt of roseo- 
cobalt, which I shall hereafter describe, and which has the for- 
mula Co,(NH,),,(SO,),PtCl,. The beautiful crystalline pre- 
cipitate formed proved to be only the salt Co,(NH,), (NO,), 
Cl, PtCl,+OH,, described in the first part of this memoir. 
03882 gr. gave 0°1612 gr. Co+Pt=4152. The formula re- 
quires 41°39 per cent. 

Nitrite of xanthocobalt.—W hen argentic nitrite is boiled with 
a solution of chloride of purpureocobalt, the liquid soon loses 
its fine violet color, and assumes the wine-yellow tint of the 
salts of xanthocobalt. The filtrate from the argentic chloride 
gave, on careful evaporation, two distinct salts—a salt in beau- 
tiful scaly crystals, and one in octahedral crystals. The two 
salts were separated by crystallization. Of the scaly salt 

0°2854 gr. gave 0°2286 gr. S0,Co+S0,Ag,—79°97 per cent. 
The formula of the ammonia-cobalt-nitrite, Co,(NH,),(NO,), 
Ag, requires 80°75 ge cent, and the salt was easily identified, 
by its appearance and properties, with the silver salt of Erd- 


mann’s series. As the octahedral salt was rather difficult to 
obtain perfectly pure by this method, I had recourse to the 
decomposition of sulphate of roseocobalt by baric nitrite. A 


solution of the last named salt is to be added to one of the sul- 

phate as long as a precipitate is formed. The sherry-wine- 

colored filtrate is then to be cautiously evaporated, when fine 

dark wine-colored octahedral crystals form. Of these crystals 

0°4750 gr. gave 0°2303 gr. SO,Co=18°46 per cent cobalt. 

0°1220 gr. gave 0°0594 gr. SO, Co=18°54 per cent cobalt. 

0°3129 gr. gave 0°0403 gr. water, when heated to 140° C. =12°87 
per cent. 

0°4289 gr. gave 0°1141 gr. ammonia=26°60 per cent. 


The formula Co,(NH,),,.(NO,),+4OH, requires 
Calculated. Found. 
Cobalt, 2 18°55 18°46 18°54 
Ammonia, 10 26°72 26°60 
Water, 4 11°32 12°87 
The percentage of water in the analysis is too high, and would 
seem to show that a slight decomposition of the salt had taken 
place. I attempted to determine the percentage of NO, in this 
salt by titrition with potassic hypermanganate, but though the 
analyses were made with the greatest care, I obtained as a mean 
of three determinations, agreeing well together, only 11:24 per 
cent, which would correspond to less than two atoms. In other: 
cases also I found that the method could not be employed. 
Am. Sc1.—Taird Vor, VIII, No, 46 —Oct., 1874. 
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So far as the empirical formula is concerned, the salt may 
be regarded as a nitrite of —— or roseocobalt, 
Co,(NH,),,(NO,),+40H,. Its solution gives, however, the 
reactions of salts of xanthocobalt with the greatest distinct- 
ness, and I regard it, therefore, as the normal nitrite of this 
series, with the formula Co,(NH,), ,(NO,),(NO,),+40H,. 
Its formation from sulphate of roseocobalt and baric nitrite is 
expressed by the equation : 

Co2(NH,) 
and from chloride of purpureocobalt and argentic nitrite by the 
equation, 

Co,(NH,), Cle +6AgNO, 
The formation of the silver salt of Erdmann’s series, Co,(NH,), 
(NO,),Ag.,, is probably due to a secondary action, and may, 
perhaps, be expressed by the equation 

Cog(NHs), 

8 

Ammonia-cobalt-nitrate of xanthocobalt—When a solution of 
potassic ammonia-cobalt-nitrite is added to one of nitrate of 
xanthocobalt, a beautiful crystalline precipitate is formed, of 
a deep orange-red color, which requires a rather large quantity 
of boiling water for solution, and which may be recrystallized 
without decomposition. The solution gives the reactions of 
salts of xanthocobalt, and gives also, with argentic nitrate, the 
characteristic silver salt Co,(NH,),(NO,),Ag,. Of this salt 
0°5074 gr. gave 0°3172 gr. SO,Co=23°77 per cent cobalt. 
0°4731 gr. gave 135 c.c, nitrogen (moist) at 12° C. and 757°8 mm.= 

33°69 per cent. nitrogen. 


The formula {Co,(NH 3) o(NO,),. }{Co,(NH,),(NO,),}, re- 
quires 23°79 per cent cobalt, and 88°87 per cent nitrogen. This 
salt is metameric with the corresponding salt of the hexamin 
series already described, and with Erdmann’s salt, Co,(NH,), 
(NO,),, since we have 
{Co.(NH5),(NO2),} 

In endeavoring to obtain measurable crystals by allowing a 
solution of this salt to stand for some time and evaporate at 
ordinary temperatures, I found that the salt was partially de- 
composed, a considerable quantity of cobaltic nitrate being 
formed. 

Oxalate of xanthocobalt.—In the first part of this memoir, in 
consequence of an oversight, the formula given for the oxalate 
of xanthocobalt contains fold style) five atoms of water of crys- 
tallization. The salt is really anhydrous, and the analyses given 


agree with the formula Co,(NH,), ,(NO,),(C,0,),. The salt 
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is obtained from hot solutions in granular crystals. Its solution 
in hot dilute nitric acid deposits abundant crystals of the ni- 
trate, the oxalate being almost completely decomposed. Sul- 
phate and nitrate of xanthocobalt may be readily prepared 
from the oxalate by boiling with a small excess of mercurous 
sulphate or nitrate, adding, in the first case, a little dilute sul- 
phuric, in the last, a little nitric, acid. As the oxalate can be 
precipitated by ammonic oxalate from the crude nitrate, this 
furnishes a cheap and expeditious method of obtaining the pure - 
sulphate. 

The formulas of the salts of xanthocobalt at present known 
become in the new notation: 


Chloride, 

Bromide, Co,(NH,),.(NO2).Br, 

Iodide, 

Nitrate, 

Nitrite, 
Sulphate, 
Iodo-sulphate, 
Hyper-iodo-sulphate, 


Auro-chloride Co,(NH,) + OH, 
Platino-chloride, 

Hydrargo-chloride,  Co,(NH,),,(NO,),Cl, +4HgCl, + OH, 
Oxalate, 
2+20H, 


Chromate 
Dichromate, Co,(NH, ) 


Ferrocyanide, 


I have collected them for the purpose of convenience of 
reference and comparison. 


PURPUREOCOBALT. 


12. In the first part of this memoir Genth and I have en- 
deavored to show that purpureocobalt and roseocobalt form 
two distinct series of salts; that chloride of roseocobalt, for 
instance, Co,(NH,), ,Cl,+20H,, cannot be regarded as differ- 
ing from chloride of purpureocobalt only by water of crystal- 
lization. This view has been adopted by some chemists, re- 
jected, and even ridiculed, by others. I shall endeavor to show, 
by a more extended study and comparison of the two series of 
salts, that they aré essentially different, and, furthermore, that, 
as the theory of these compounds proposed by Blomstrand sug- 
gests, there are more than two series containing the group 
Co,(NH,),,. Reserving the discussion for the present, I pro- 
ceed to the description of the salts which serve to throw lght 
upon the question. 
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Auro-chloride of purpureocobalt_—W hen a solution of chloro- 
aurate of sodium is added to a hot solution of chloride of pur- 
pureocobalt, containing a little free chlorhydric acid, no pre- 
cipitate is formed at first, but after standing a few hours 
crystals of a new salt are depusited. The crystals in question 
present flat prismatic forms. They have a dark ruby-red color, 
with a dull violet luster, and after standing, exhibit a distinct 
superficial reduction of gold. Of these crystals 


0:9028 gr. gave 0°3206 gr. gold, and 1°0560 gr. silver=35°50 per 
cent gold, and 38°45 per cent chlorine. 
0°6840 gr. gave 071896 gr. SO,Co and 0°2425 gr. gold=10°55 per 
cent cobalt, and 35°45 per cent gold. 
Calculated. Found. 
Cobalt, 2 10°64 10°55 
Gold, 2 35°55 35°50 
Chlorine, 12 38°44 88°45 
In the first analysis the salt was reduced by zine and dilute 
sulphuric acid, the gold weighed directly, and the chlorine 
determined in the filtrate. In the second, the salt was heated 
with sulphuric acid, and the reduced gold separated from the 
eobaltic sulphate by dissolving the latter in boiling water. 
The formula of the salt is 
Co,(NH;),,Cl,+2AuCl,, 


NH? _NH,—Cl 

NH, 

NH, -NH,-Cl=AuCl, 

NH,-NH,-Cl 

NH,-Cl 

From the formula it appears that the salt is unsaturated, simi- 

lar salts containing 4 or 6 molecules of auric chloride being also 
ossible. 

Chloro-hydrargyrates of purpureocobalt.— W hen mercuric chlo- 
ride is added in excess to a solution of chloride of purpureo- 
cobalt, a rather dull red salt separates in small needles, shghtly 
soluble in cold water, but much more easily soluble in hot 
water, especially in the presence of free chlorhydric acid, and 
readily crystallizing from the hot solution. This salt has the 


formula 
Co,(NH;),,Cl,+6HgCl, 
as the following analyses show: 
0°5884 gr. gave 0°3922 gr. Hg,Cl,=56°60 per cent mercury. 
0°4409 gr. gave 0°4025 gr. silver =30°00 per cent chlorine. 


Calculated. Found. 
Mercury, 6 56°47 56°60 
Chlorine, 18 30°04 30°00 


or rationally 


vi 
Co, 
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When the chloride of purpureocobalt is in excess, or when the 
two chlorides are mixed in the proper atomic proportions, 
another double salt ee in very beautiful violet-colored 
prismatic crystals, which, like the last mentioned salt, are but 
slightly soluble in cold water, but are much more soluble in 
boiling water, and crystallize from the solution on cooling. 
This salt has the formula 


Co,(NH,),,Cl,+4HgCl, 
as the following analyses show : 


0°7938 gr. gave 0°4735 gr. Hg,Cl,=50°65 per cent mercury. 
0°3970 gr. gave 0°3771 gr. silver —=31'23 per cent chlorine. 
0°9752 gr. gave 0°9356 gr. silver =31'42 per cent chlorine. 
13600 gr. gave 0°1024 gr. cobalt = 7°52 per cent cobalt. 


Calculated. Found. 
Mercury, + 50°47 50°65 
Chlorine, 14 31°35 31°23) 31°42 
Cobalt, 2 7°44 7°52 


On Blomstrand’s view the formulas of the two mercury salts 
may be written 
NH, —Cl—HgCl, NH,—Cl 
NH, —NH, -Cl=HgCl, NH, —NH, - Cl=HgCl, 
NH,—NH,—CI=HgCl, | 
2. NH,-NH,—Cl=HgCl, “°? NH,—NH,-—Cl=HgCl, 


ES —NH,—Cl=HgCl, | NH, —NH, —Cl=HgCl, 


NH, —Cl—HgCl, NH,—Cl 
It is possible that the salts containing six atoms of mercury be- 
long to the roseocobalt series, as I find that it is formed when a 
solution of HgCl,Na is added to one of the soluble sulphate of 
roseocobalt, Co,(NH,),,(SO,),+5aq, which I shall describe 
farther on. I may also remark that if the progress of science 
should make us acquainted with a method of determining 
cobalt in these salts with precision, they would enable us to 
determine the atomic weight of that metal with great accuracy, 
the first salt containing 5°54, and the second 7-44, per cent of 
cobalt, so that a relatively large error in the weight of 
(NH,), Hg,Cl,,, or of (NH,), ,Hg,Cl,,, would exert an in- 
appreciable influence on the result. If we regard the salt 
Co,(NH,), ,Cl,+4HgCl, as unsaturated, it ought to combine 
with other electro-negative chlorides to form salts with three 
metallic elements. I have not, however, found this to be the 
case, so far, at least, as the chlorides of gold and platinum are 
concerned. 

In analyzing these salts, I found it most advantageous to 
determine the mercury in the form of calomel, by dissolving 
the salt in water, adding a little chlorhydrie acid, and then 
reducing the mercuric to mercurous chloride by a solution of 


H 
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sodic hypophosphite, the solution of mercuric salt having the 
temperature of 40° C. The mercurous chloride was then 
weighed on a porous earthenware cone at 100° C. In deter- 
mining chlorine it is best to dissolve the salt in hot water, 
with a little free sulphuric acid. The mercury may then be 
separated as HgS, and the chlorine determined in the filtrate 
after removing the excess of SH, by a solution of ferric alum. 

Antimonio-chloride of purpureocobalt.—A solution of anti- 
monious chloride added to one of chloride of purpureocobalt 
gives a precipitate of small, granular, dull violet red crystals. 
These may be washed with strong chlorhydric acid and dried 
by pressure between folds of porous paper, and afterward at 
100° C. Water decomposes it readily, with precipitation of 
SbOCl. The formula of this salt is 

as appears from the following analyses : 


0°8100 gr. gave 0°3402 gr. SO,Co=15°99 per cent cobalt. 

0°6500 gr. gave 0°1370 gr’ Sb, = 16°64 per cent antimony. 
The formula requires 16°22 per cent cobalt, and 16 49 per cent 
antimony. 

Bismuthous chloride gives a lilac-red precipitate in solutions 
of chloride of purpureocobalt, insoluble in strong chlorhydric 
acid, and ually decomposed by water, with precipitation of 
BiOCl. 

Neutral chromate.—When a solution of nitrate of purpureo- 
cobalt is added to one of neutral potassic chromate, a red crystal- 
line precipitate is formed, which, after washing with cold water, 
may be dissolved in boiling water, with addition of a few drops 
of acetic acid. After some hours the neutral chromate separates 
in crystals, which have a peculiar red color with bronze-yellow 
reflections. The crystals are thin, acicular leaves. The salt 
dissolves rather easily in hot water, but the solution is soon 
more or less completely decomposed, unless free acid is present. 
The dilute solution is orange-yellow; concentrated solutions 
arered. The dried salt somewhat resembles litharge. Different 
preparations of this salt gave, on analysis, results which differed 
somewhat from each other, but only in the amount of water of 
crystallization. In one preparation 

0°2637 gr. gave 0°2480 gr. CrO, Ba=43°17 per cent CrO, 


0°3651 gr. gave 0°0811 gr. cobalt 22°21 per cent. 
0°3598 gr. gave 0°0058 gr. water up to 170° C.=1°61 per cent. 


I consider the loss of weight on heating to arise partly from 

hygroscopic moisture, and partly from slight decomposition, 

and believe that the salt is really anhydrous. The formula 
Co,(NH,) ,9-0.(CrO,). 
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requires cobalt, 21-99 per cent, and CrO,, 48°32 percent. The 
formation of the neutral chromate is expressed by the equation : 


Co,(NH NO,),+2Cr0,K,+OH,=Co,(NH;) ,,.0.(CrO 

2( 3) 104 3/6 44KNO,+2NO, HL. 2 ( 3)10 ( ade 
The nitric acid set free dissolves a portion of the chromate 
forming the dichromate, which remains in solution. Whena 
solution of neutral potassic tungstate, WO,K,, is digested with 
dry neutral nitrate of purpureocobalt, a pink tungstate of pur- 
pureocobalt is formed, and the liquid then gives a strong acid 
reaction with litmus. The reaction is probably the same as 
that given above for the chromate. 

Potassic iodide gives a dull red crystalline precipitate with 
neutral chromate of purpureocobalt in solution. The analyses 
of this salt led to no definite formula, and the precipitate ap- 

eared to be a mixture of the chromate pelt g Co,(NH,), «. 
O.(CrO,),, and the iodo-chromate, Co,(NH,),,I,(CrO,).. By 
digesting powdered chloride of purpureocobalt with neutral 
potassic chromate, Braun obtained a dark brown-red powder, to 
which he gives the formula Co,(NH,),,(CrO,),. According 
to the same writer, when powdered chloride of purpureocobalt is 
added, in small portions at a time, to a concentrated solution 
of potassic dichromate, a beautiful crystalline powder is formed, 
which has also the formula Co,(NH,), ,(CrO,),. In this case 


chromic acid, CrO,H,, must be set free. When a solution of 
potassic chromate is added to one of chloride of purpureo- 
cobalt, the crystalline a formed, according to my obser- 


vations, always contains chlorine. My analyses led, however, 
in this case also, to no definite formula, but pointed to a mix- 
ture of the chromate, Co,(NH,), ,.0.(CrO,)., and the chloro- 
chromate, Co,(NH,), ,Cl,(CrO,),. Braun has also described 
a salt, to which he gives the formula 2NH,.Co,0,.38CrO,+ 
2NH,Cl, which I should write Co,(NH,),(CrO,),+2NH,Cl, 
but the analyses are incomplete without a determination either 
of ammonia or of nitrogen. 

Dichromate.—A solution of potassic dichromate gives, with 
one of nitrate of purpureocobalt, a granular red precipitate, 
which may be recrystallized by solution in boiling water, to 
which a little acetic acid has been added. The salt then sepa- 
rates in small, indistinct crystals of a dark brick red color, with 
bronze reflections. It is somewhat soluble in cold, and dis- 
solves readily in boiling, water. Of this salt 


0°6031 gr. gave 0°0747 gr. cobalt=12°38 per cent. 

0°7101 gr. gave 1°1252 gr. CrO, Ba=67°71 per cent. (Chromium= 
52°2.) 

0°6295 gr. lost, at 105° C., 0°0077 gr. water=1°22 per cent; at 
120° C., 0°0118 gr.=1°87 per cent; and at 133° C., 0°0166 
gr.=2°64 per cent. 
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At 188°C. the salt was slightly decomposed. Between 133° 
and 145° C. it lost 4°46 r cent with partial decomposition. 
These analyses correspond to the formula Co,(NH,), ,(Cr,0,), 


+0OH,. 
Calculated. Found. 

Cobalt, 2 12°35 12°38 

Cr,0,, 3 67°97 67°71 

Water, 1 1°88 1°87 
The salt was dried for two weeks in pleno over sulphuric acid. 
In preparing nitrate of purpureocobalt by Mr. Mills’ process, in 
which an ammoniacal solution of cobaltic nitrate is oxidized 
by potassic dichromate, I obtained, besides the nitrate, a large 
quantity of beautiful orange-red crystalline scales, with gold 
reflections. The crystals were easily purified by recrystalliza- 
tion. They are readily soluble in hot water, and crystallize 
from the solution almost completely on cooling. The formula 
of this salt is Co,(NH,), ,(Cr,0O,),+50H,, as the following 
analyses show : 


0°6366 gr. gave 0°0735 gr. cobalt=11°54 per cent. 

0°6447 gr. gave 0°2888 gr. CrO, =63°31 per cent Cr2O,. 

0°1740 gr. gave, up to 139° C., 0°0125 gr. water=7°19 per cent. 

0°0800 gr. gave, up to 145° C., 0°0082 gr. water=10°25 per cent. | 
Mean, 8°72 per cent. 


In the last water determination the salt was slightly decom- 
posed. The formula requires 
Calculated. Found. 

Cobalt, 2 11°48 11°54 

Cr,0,, 38: 63:20 63°31 

Water, 5 8°76 8°72 (mean.) 
The difference in appearance and in the number of atoms of 
water of the dichromate of purpureocobalt may possibly arise 
from the fact that, in one case, a solution of the nitrate of pur- 
pureocobalt was poured into one of potassic dichromate in ex- 
cess; in the other, the nitrate was presented to the dichromate 
as fast as formed—in some sense in the nascent state. But it 
is singular that the two hydrates are not the same after recrys- 
tallization. A solution of potassic dichromate gives, with one 
of chloride of purpureocobalt, a dark red crystalline precipi- 
tate, the analyses of which pointed to a mixture of Co,(NH,),, 
(Cr,0O,), and Co,(NH,), ,.Cl,.(Cr,O,),. I did not succeed in 
obtaining the basic dichromate Co2(NH,),,.0.(Cr,O,),. In 
all the chromates of the cobaltamines which I have studied, the 
direct determination of the water of crystallization has been 
effected with peculiar difficulty, in consequence of the tenacity 
with which these salts retain. water up to temperatures very 
near to those at which incipient decomposition occurs. 

(To be continued.) 
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Arr. XXVI.—The Mathematical and Philosophical State of the 
Physical Sciences; by Prof. From the 
Presidential Address of Prof. Lovering before the American 
Association at Hartford, August, 1874. 


Tue luminiferous ether and the undulatory theory of light 
have always troubled what is supposed to be the imperturbable 
character of the mathematics. The proof of a theory is indispu- 
table when it can predict consequences, and call successfully upon 
the observer to fulfill its prophecies. It is the boast of astron- 
omers that the law of gravitation thus vindicates itself. The un- 
dulatory theory of light has shown a wonderful facility of adapta- 
tion to each new exigency in optics, and has opened the eye of 
observation to see what might never have been discovered with- 
out the promptings of theory. But this doctrine, and that of 
gravitation also, have more than once been arrested in their swift 
march and obliged to show their credentials. After Fresnel and 
Young had secured a firm foothold for Huyghens’ theory of light 
in mechanics and experiment, questions arose which have per- 
plexed, if not baffled, the best mathematical skill. How is the 
ether affected by the gross matter which it invests and permeates ? 
Does it move when they move? If not, does the relative motion 
between the ether and other matter change the length of the un- 
dulation or the time of oscillation? These queries cannot be 
satisfactorily answered by analogy, for analogy is in some respects 
wanting between the ether and any other substance. Astronomy 
says that aberration cannot be explained unless the ether is at 
rest. Optics replies that refraction cannot be a unless the 
ether moves. Fresnel produced a reconciliation by a compromise. 
The ether moves with a fractional velocity large enough to sat- 
isfy refraction, but too small to disturb sensibly the astronomer’s 
aberration. In 1814, Arago reported to Fresnel that he found no 
se"sible difference in the prismatic refraction of light, whether 
the earth was moving with fall speed toward a star or in the oppo- 
site direction, and asked for an explanation. Fresnel submitted 
the question to mathematical analysis, and demonstrated, that 
whatever change was produced by the motion of the prism in the 
relative velocity of light, the wave-length through the prism, and 
the refraction, was compensated by the physiological aberration 
when the rays emerged. Very recently, Ketteler of Bonn has 
gone over the whole ground again with great care, studying not 
only Arago’s case but the general one, in which the direction of 
the light made any angle with the motion of the earth: and he 
proves that the light will always enter the eye in the same appar- 
ent direction as it would have done if the earth were at rest. 
The mathematical and physical view taken of this subject b 
Fresnel has been under discussion for sixty years, and forty emi- 
nent physicists and mathematicians might be enumerated who 
have taken part in it. Fresnel’s explanation has encountered 
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difficulties and objections. Still, it is consistent not only with 
Arago’s negative result, but with the experiments on diffraction 
by Fizeau and Babinet, and the preponderance of mathematical 
evidence is on that side. Mr. Huggins runs counter to the gen- 
eral drift of physical and algebraical testimony (although he 
appears to be sustained by the high authority of Maxwell), when 
he attributes some displacement of the spectrum lines to the 
motion of the earth, and qualifies the observed displacement on 
that account The number of stars which Huggins has observed 
is insufficient for any sweeping generalization. And yet he seems 
inclined to explain the revelations of his spectroscope, not by the 
motion of the stars, but by that of the solar system: because 
those stars which are in the neighborhood of the place in which 
astronomers have put the solar apex are moving, apparently, 
toward the earth, while those in the opposite part of the sky re- 
cede. If it be true that the earth’s annual motion produces no 
displacement in the spectrum, then the motion of the solar system 
produces none, Or, waiving this objection, if the correct explana- 
tion has been given by Huggins, astronomers have failed, by their 
geometrical method, of rising to the full magnitude of the sun’s 
motion. The discrepancy appears to awaken no distrust in Mr. 
Huggins’ mind as to the delicacy of the spectrum analysis or the 
mathematical basis of his reasoning. On the contrary, he would 
remove the discrepancy by throwing discredit on the estimate of 
star-distances made independently by Struve and Argelander 
from different lines of thought. 

Next we ask, if it is certain that even the motion of the lumi- 
nary will change the true wave-length, the period of oscillation, 
and the refrangibility of the light which issues from it? ‘The 
commonly received opinion on this subject has not been allowed 
to pass unchallenged. It is fortified by more than one analogy : 
but it is said that comparison is not always a reason. It is not 
denied that, when the sonorous body is approaching, the sound 
waves are shortened, the number of impulses on the ear by the 
condensed air is increased, and the pitch of the sound is raised. 
Possibly, the color of light would follow the same law; but there 
is no experiment to prove it, and very little analogy exists be- 
tween the eye and the ear. There is no analogy, whatever, be- 


tween the subjective sensation by either organ and the a 


action of the prism. The questions at issue are these: Does re- 
fraction depend upon the absolute or the relative velocity of light ; 
are the time of oscillation of the particles of ether and the normal 
wave-length, corresponding to it, changed by any motion of trans- 
lation in the origin; or is the conservation of these elements an 
essential attribute of the luminiferous medium. It has been said 
that Doppler reasoned as if the corpuscular theory of light were 
true, and then expressed himself in the language of undulations. 
Evidently, there is an obscurity in the minds of many physicists, 
and an uncertainty in all, when they reason upon the mechanical 
constitution of the ether, and the fundamental laws of light. The 
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mathematical theory is not so clear as to be able to dispense with 
the illumination of experiment. Within the present year, Van 
der Willigen has published a long and well considered memoir on 
the theoretical fallacies which vitiate the whole of Huggins’ 
argument for the motion of the stars and nebule. His analysis 
proves that the motion of the luminary will not interfere with the 
time of oscillation and the wave-length provided that the origin 
of the disturbance is not a mathematical point but a vibrating 
molecule, and that the sphere of action of this molecule upon sur- 
rounding molecules is large enough to keep them under its influ- 
ence during ten or a hundred vibrations, before it is withdrawn 
by the motion of translation. If this theoretical exposition of the 
subject should be generally adopted by mathematicians, the spec- 
troscopic observations on the supposed motion of the stars must 
receive another interpretation. On the other hand, if a luminary 
is selected which is known to move, independently of spectro- 
scopic observations, and the displacement of the spectrum lines 
accords with this motion, it will be time to reconsider the mathe- 
matical theory, and make our conceptions of the ether conform to 
the experiment. The spectroscopic observation of Angstrém on 
an oblique electric spark does not favor Huggins’ views. Secchi 
testifies to opposite displacements when he examined, with a 
direct vision spectroscope, the two edges of the sun’s equator, one 
of which was rotating toward him and the other from him, and 
Vogel has repeated the observation with a reversion-spectroscope. 
This would have the force of a crucial experiment were it not that 
an equal displacement was seen on other parallels of latitude, and 
that the bright bands of the chromosphere were moved, but not 
the dark lines of the solar atmosphere. 

When Voltaire visited England in 1727 he saw at the univer- 
sities the effect of Newton’s revolutionary ideas in astronomy. 
The mechanism of gravitation had exiled the fanciful vortices of 
Descartes, which were still circulating on the continent. So he 
wrote: “ A Frenchman who comes to London finds many changes 
in philosophy as in other things: he left the world full, he finds 
it empty.” The same comparison might be made now, not so 
much between nationalities as between successive stages of scien- 
tific development. At the beginning of this century the universe 
was as empty as an exhausted receiver: now it has filled up again. 
Nature’s abhorrence of a vacuum has been resuscitated, though 
for other reasons than these which satisfied the Aristotelians. It 
is the mathematicians and not the metaphysicians who are now 
discussing the relative merits of the plenum and the vacuum. 
Newton, in his third letter to Bentley, wrote in this wise: “That 
gravity should be innate, inherent and essential to matter, so that 
one body may act upon another at a distance, through a vacuum, 
without the mediation of anything else, by and through which 
their action and force may be conveyed from one to another, is to 
me so great an absurdity, that I believe no man, who has in philo- 
sophical matters a competent faculty of thinking, can ever fall 
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into it.” Roger Cotes, who was Newton’s successor in the chair 
of mathematics and natural philosophy at Cambridge, was onl 
four years old when the first edition of the “ Principia” was issued, 
and Newton outlived him by ten years. The venerable teacher 
"genet upon the young mathematician, his pupil, these few 

ut comprehensive words of eulogy: “If Cotes had lived, we 
should have known something.” The view taken of gravitation 
by Cotes was not the same as that held by his master. He advo- 
cated the proposition that action at a distance must be accepted 
as one of the primary qualities of matter, admitting of no farther 
analysis. It was objected by Hobbes and other metapbysicians, 
that it was inconceivable that a body should act where it was not. 
All our knowledge of mechanical forces is derived from the con- 
scious effort we ourselves make in producing motion. As this 
motion employs the machinery of contact, the force of gravitation 
is wholly outside of all our experience. The advocates of action 
at a distance reply, that there is no real contact in any case, that 
the difficulty is the same with the distance of molecules as that of 
planets, that the mathematics are neither long-sighted nor short- 
sighted, and that an explanation which suits other forces is good 
enough for gravitation. 

Comte extricated himself from this embarrassment by excluding 
causes altogether from his positive philosophy. He rejects the 
word attraction as implying a false analogy, inconsistent with 
Newton’s law of distance. [He substitutes the word gravitation, 
but only as a blind expression by which the facts are generalized. 
According to Comte’s philosophy, the laws of Newton are on an 
equality with the laws of Kepler, only they are more comprehen- 
sive, and the glory of Kepler has the same stamp as that of 
Newton. Hegel, the eminent German metaphysician, must have 
looked at the subject in the same light when he wrote these 
words: “Kepler discovered the laws of free motion; a dis- 
covery of immortal glory. It has since been the fashion to say 
that Newton first found out the truth of these rules. It has sel- 
dom happened that the honor of the first discoverer has been 
more unjustly transferred to another.” Shelling goes farther in 
the same direction: he degrades the Newtonian law of attraction 
into an empirical fact, and exalts the laws of Kepler into neces- 
sary results of our ideas. 

Meanwhile, the Newtonian theory of attraction, under the skill- 
ful generalship of the geometers, went forth on its triumphal 
march through space, conquering great and small, far and near, 
until its empire became as universal as its name. The whirlpools 
of Descartes offered but a feeble resistance, and were finally 
dashed to pieces by the artillery of the parabolic comets; and the 
rubbish of this fanciful mechanism was cleaned out as completely 
as the cumbrous epicycles of Ptolemy had been dismantled by 
Copernicus and Kepler. The mathematicians certified that the 
solar system was protected against the inroads of comets, and the 
border warfare of one planet upon another, and that its stability 
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was secure in the hands of gravitation, if only space should be 
kept open, and the dust and cobwebs which Newton had swept 
from the skies should not reappear. Prophetic eyes contemplated 
the possibility of an —— end to the revolution of planets, if 
their ever-expanding atmospheres should rush in to fill the room 
vacated by the maelstroms of Descartes. When it was stated 
that the absence of infinite divisibility in matter, or the coldness 
of space, would place a limit upon expansion, and, at the worst, 
that the medium would be too attenuated to produce a sensible 
check in the headway of planets, and when, in more recent times, 
even Encke’s comet showed but the slightest symptoms of mechan- 
ical decay, it was believed that the motion was, in a practical, if 
not in a mathematical sense, perpetual. Thus it was that the 
splendors of analysis dimmed the eyes of science to the intrinsic 
difficulties of Newton’s theory, and familiarity with the language 
of attraction concealed the mystery that was lurking beneath it. 
A long experience in the treatment of gravitation has supplied 
mathematicians with a fund of methods and formulas suited to 
similar cases. As soon as electricity, magnetism and electromag- 
netism took form, they also were fitted out with a garment of 
attractive and repulsive forces acting at a distance: and the theo- 
ries of Cavendish, Poisson, Aepinus and Ampére, endorsed as they 
were by such names as Laplace, Plana, Liouville and Green, met 
with general acceptance. 

The seeds, which were destined to take root in a later genera- 
tion, and disturb, if not dislodge, the prevalent interpretation of 
the force of gravitation, were sown by a contemporary of New- 
ton. They found no congenial soil in which they could germi- 
nate and fructify until the early part of this century. At the 
present moment, we find the luminiferous ether in quiet and undi- 
vided possession of the field from which the grosser material of 
ancient systems had been banished. The plenum reigns every- 
where; the vacuum is nowhere. Even the corpuscular theory of 
light, as it came from the hands of its founder, required the rein- 
forcement of an ether. Electricity and magnetism, on a smaller 
scale, applied similar machinery. If there was a fundamental 
objection to the conception of forces acting at a distance, cer- 
tamly the bridge was already built by which the difficulty could 
be surmounted. The turning-point between the old physics and 
the new physics was reached in 1837, when Faraday published 
his a on the specific inductive capacity of substances. 
This discovery was revolutionary in its character, but it made no 
great stir in science at the time. The world did not awake to its 
full significance until the perplexing problem of ocean telegraphs 
converted it from a theoretical proposition into a practical reality, 
and forced it on the attention of electricians. ‘The eminent scien- 
tific advisers of the cable companies were the first to do justice to 
Faraday. This is one of the many returns made to theoretical 
electricity for the support it gave to the most magnificent com- 
mercial enterprise. 
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The discovery of diamagnetism furnished another argument in 
favor of the new interpretation of physical action. hat that 
new interpretation was, is well described by Maxwell. “Faraday, 
in his mind’s eye, saw lines of force traversing all space, where 
the mathematicians saw centers of force attracting at a distance; 
Faraday saw a medium where they saw nothing but distance; 
Faraday sought the seat of the phenomena in real actions going 
on in the medium; they were satisfied that they had found it in a 

ower of action at a distance impressed on the electric fluids.” 

he physical statement waited a for the coming of the mathe- 
maticians who could translate it into the language of analysis, and 
prove that it had as precise a numerical consistency as the old 
view with all the facts of observation. A paper published by Sir 
William Thomson, when he was an undergraduate at the univer- 
sity of Cambridge, pointed the way. Prof. Maxwell, in his mas- 
terly work on electricity and magnetism, which appeared in 1878, 
has built a monument to Faraday, and unconsciously to himself 
also, out of the strongest mathematics. For forty years mathe- 
maticians and physicists had labored to associate the laws of elec- 
trostatics and electrodynamics under some more general expres- 
sion. An early attempt was made by Gauss in 1835, but his 
process was published, for the first time, in the recent complete 
edition of his works. Maxwell objects to the formula of Gauss 
because it violates the law of the conservation of energy. Weber’s 
method was made known in 1846; but it has not escaped the crit- 
icism of Helmholtz. It represents faithfully the laws of Ampére 
and the facts of induction, and led Weber to an absolute meas- 
urement of the electrostatic and electromagnetic units. The ratio 
of these units, according to the formulas, is a velocity; and experi- 
ment shows that this velocity is equal to the velocity of light. 
As Weber’s theory starts with the conception of action at a dis- 
tance, without any mediation, the effect would be instantaneous, 
and we are at a loss to discover the physival meaning which he 
attaches to his velocity. Gauss abandoned his researches in elec- 
tromagnetism because he could not satisfy his mind in regard to 
the propagation of its influence in time. Other mathematicians 
have worked for a solution, but have lost themselves in a cloud of 
mathematical abstraction. The two theories of light have ex- 
hausted all imaginable ways in which force can be gradually trans- 
mitted without increase or loss of energy. Maxwell cut the Gor- 
dian knot when he selected the luminiferous ether itself as the 
arena on which to marshal the electromagnetic forces under the 
symbols of his mathematics, and made light a variety of electro- 
magnetic action. His analysis gave a velocity essentially the 
same as that of Weber, with the advantage of being a physical 
reality and not a mere ratio Of the two volumes of Mr. Max- 
well, freighted with the richest and heaviest cargo, the reviewer 
says: “Their author has, as it were, flown at everything: and, 
with immense spread of wing and power of beak, he has hunted 
down his victims in all quarters, and from each has extracted 
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something new and interesting for the intellectual nourishment of 
his readers.” Clear physical views must precede the application 
of mathematics to any subject. Maxwell and Thomson are liberal 
in their acknowledgments to Faraday. Mr. Thomson says: 
“ Faraday, without mathematics, divined the result of the math- 
ematical investigation; and, what has proved of infinite value to 
the mathematicians themselves, he has given them an articulate 
language in which to express their results. Indeed, the whole 
language of the magnetic field and lines of force is Faraday’s. It 
must be said for the mathematicians that they greedily accepted 
it, and have ever since been most zealous in using it to the best 
advantage.” 

It is not expected that the new views of physics will be gen- 
erally accepted without vigorous opposition, A large amount of 
intellectual capital has been honestly invested in the fortunes of 
the other side. The change is recommended by powerful physical 
arguments, and it disenthralls the theories of science from many 
metaphysical difficulties which weigh heavily on some minds. On 
the other hand, the style of mathematies which the innovation 
introduces is novel and complex ; and good mathematicians may 
find it necessary to go to school again before they can read and 
understand the strange analysis. It is feared, that with many, who 
are not easily deflected from the old ruts, the intricacies of the 
new mathematics will outweigh the superiority of the new physics. 

The old question, in regard to the nature of gravitation, was 
never settled: it was simply dropped. Now it is revived with as 
much earnestness as ever, and with more intelligence. Astronomy 
cast in its own mould the original theories of electrical and mag- 
netic action. The revolution in electricity and magnetism must 
necessarily react upon astronomy. It was proved by Laplace, 
from data which would now, probably, require a numerical correc- 
tion, that the velocity of the force of gravitation could not be 
less than eight million times the velocity of light; in fact, that it 
was infinite. Those who believe in action at a distance cannot 
properly speak of the transmission of gravitation. Force can be 
transmitted only by matter; either with it or through it. Ac- 
cording to their view, action at a distance és the force, and it 
admits of no other illustration, explanation or analysis. It is not 
surprising that Faraday and others, who had lost their faith in 
action at short distances, should have been completely staggered 
by the ordinary interpretation of the law of gravitation, and that 
they deciared the clause which asserted that the force diminished 
with the square of the distance to be a violation of the principle 
of the conservation of energy. 

Must we then content ourselves with the naked facts of gravita- 
tion, as Comte did, or is it possible to resolve them into a mode of 
action, in harmony with our general experience, and which does 
not shock our conceptions of matter and force? In 1798, Count 
Rumford wrote thus: “ Nobody surely, in his sober senses, has 
ever pretended to understand the mechanism of gravitation.” 
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Probably Rumford had never seen the i of Le Sage, published 
by the Berlin Academy in 1782, in which he expounded his 
mechanical theory of gravitation, to which he had devoted sixty- 
three years of his life. In a posthumous work, printed in 1818, 
Le Sage has developed his views more fully. He supposed that 
bodies were pressed toward one another by the everlasting pelting 
of ultramundane atoms, inward bound from the immensity of 
space beyond, the faces of the bodies which looked toward each 
other being mutually screened from this bombardment. It was 
objected to this hypothesis, which introduced Lucretius into the 
society of Newton and his followers, that the collision of atoms 
with atoms, and with planets, would cause a secular diminution in 
the force of gravity. te Sage admitted the fact. But as no one 
knew that the solar system was eternal, the objection was not 
fatal. As the necessity for giving a mechanical account of gravi- 
tation was not generally felt at the time, the theory of Le Sage 
fell into oblivion. In 1873, Sir William Thomson resuscitated and 
republished it. He has fitted it out in a fashionable dress, made 
out of elastic molecules instead of hard atoms, and has satisfied 
himself that it is consistent with modern thermo-dynamics and a 
perennial gravitation. 

Let us now look in a wholly different quarter for the mechan- 
ical origin of gravitation. In 1870, Prof. Guthrie gave an account 
of a novel experiment, viz: the attraction of a light body by a 
tuning-fork when it was set in vibration. Thomson repeated the 
experiment upon a suspended eggshell and attracted it by a 
simple wave of the hand. Thomson remarks “that what gave 
the great charm to these investigations, for Mr. Guthrie himself, 
and no doubt also for many of those who heard his expositions 
and saw his experiments, was, that the results belong to a class of 
phenomena to which we may eae: look for discovering the 
mechanism of magnetic force, and possibly also the mechanism by 
which the forces of electricity and gravity are transmitted.” By 
a delicate mathematical analysis, Thomson arrives at the theorem 
that the “average pressure at any point of an incompressible, 
frictionless fluid, originally at rest, but set in motion and kept in 
motion by solids, moving to and fro, or whirling round in any 
manner, through a finite space of it,” would explain the attractions 
just described. Moreover, he is persuaded by other effects be- 
sides those of light, that, in the interplanetary spaces and in the 
best artificial vacuum, the medium which remains has “ perfectly 
decided mechanical qualities, and, among others, that of being 
able to transmit mechanical energy, in enormous quantities :” and 
he cherishes the hope that his mathematical theorems on abstract 
hydrokinetics are of some interest in physics as illustrating the 
great question of the eighteenth and nineteenth centuries—Is 
action at a distance a reality, or is gravitation to be explained, as 
we now believe magnetic and electric forces must be, by action of 


intervening matter? 
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In 1869 and 1873, Prof. Challis of Cambridge, England, pub- 
lished two works on the Principles of Mathematical Physics. 
They embody the mature reflections of a mathematical ae at 
the advanced age of three score years and ten. Challis believes 
that there is sufficient evidence for the existence of ether and 
atoms as physical realities. He then —— to say: “ The fun- 
damental and only admissible idea of force is that of pressure, 
exerted either actively by the ether against the surface of the 
atoms, or as reaction of the atoms on the ether by resistance to 
that pressure. The principle of deriving fundamental physical 
conceptions from the indications of the senses does not admit of 
regarding gravity, or any other force varying with distance, as an 
essential anes? of matter, because, according to that principle, 
we must, in seeking for the simplest idea of physical force, have 
regard to the sense of touch. Now, by this sense, we obtain a 
perception of force as pressure, distinct and unique, and not in- 
volving the variable element of distance, which enters into the 
perception of force as derived from the sense of sight alone. 
Thus, on the ground of simplicity as well as of distinct percepti- 
bility, the fundamental idea of force is pressure.” As all other 
matter is passive except when acted upon by the ether, the ether 
itself, in its quiescent state, must have uniform density. It must 
be coextensive with the vast regions in which material force is 
displayed. Challis had pcg himself for the elucidation and 
defence of his dynamical theory by a profound study of the laws 
of motion in elastic fluids. From the mathematical forms in 
which he has expressed these laws he has attempted to derive the 
principal experimental results in light, heat, gravitation, electricity 
and magnetism. Some may think that Mr. Challis has done 
nothing but clothe his theory in the cast-off garments of an obso- 
lete philosophy. If its dress is old, it walks upon new legs. The 
interplay between ether and atoms is now brought on to the stage, 
not as a speculation sustained by metaphysical and theological 
arguments, but as a physical reality with mathematical supports. 
I hosid do great injustice to this author if I left the impression 
that he himself claimed to have covered the whole ground of his 
system by proof. Mathematical difficulties prevented him from 
reaching a numerical value for the resultant action of a wave of 
ether upon the atom. What he has written is the guide-post, 
pointing the direction in which science is next to travel: but the 
end of the journey is yet a great way off. The repeated protests 
of Mr. Challis against the popular physics of the day, and his 
bold proclamation of the native, independent motion of the ether, 
have aroused criticism. What prevents the free ether, asks the 
late Sir John Herschel, from expanding into infinite space? Mr. 
Challis replies that we know nothing about infinite space or what 
happens there; but the existence of the ether, where our experi- 
ence can follow it, is a physical reality. The source of the mo- 
tion which the ether acquires is not the sun: for the most efficient 
cause of solar radiation is gravitation and condensation. Our 
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author avoids the vicious circle of making gravitation, first the 
reason, and afterward the consequence of the motion of the ether. 
He says: “It follows that the sun’s heat, and the heat of masses 
in general, are stable quantities, oscillating, it may be, like the 
planetary motions, about mean values, but never permanently 
changing, so long as the Upholder of the universe conserves the 
force of the ether and the qualities of the atoms. There is no law 
of destructibility: but the same Will that conserves can in a mo- 
ment destroy.” The following remarks upon this theory deserve 
our attention: “The explanation of any action between distant 
bodies by means of a clearly conceivable process, going on in the 
intervening medium, is an achievement of the highest scientific 
value. Of all such actions that of gravitation is the most univer- 
sal and the most mysterious. Whatever theory of the constitu- 
tion of bodies holds out a prospect of the ultimate explanation of 
the process by which gravitation is effected, men of science will 
be found ready to devote the whole remainder of their lives to the 
development of that theory.” 

The hypotheses of Challis and Le Sage have one thing in com- 
mon; the motion of the ether and the driving storm of atoms 
must come from outside the world of stars. “On either theory, 
the universe is not even temporarily automatic, but must be fed 
from moment to moment by an agency external to itself” Our 
science is not a finality. The material order which we are said to 
know makes heavy drafts upon an older or remoter one, and that 
again upon a third. The world, as science looks at it, is not self- 
sustaining. We may abandon the hope of explaining gravitation, 
and make attraction itself the primordial cause. Our refuge then 
is in the sun. When we qualify the conservation of energy by 
the dissipation of energy, the last of which is as much an induc- 
tion of science as the first, the material fabric which we have con- 
structed still demands outward support. ‘Thomson calculates 
that, within the historical period, the sun has emitted hundreds of 
times as much mechanical energy as is contained in the united 
motions of all the planets. This energy, he says, is dissipated 
more and more widely through endless space, and never has been, 
aa never can be, restored to the sun, without acts as much 

eyond the scope of human intelligence as a creation or annihila- 
tion of energy, or of matter itself, would be. 

From the earliest dawn of intellectual life, a general theory of 
the constitution of matter has been a fruitful subject of debate, 
and human science and philosophy have ever been dashing their 
heads against the intractable atoms. The eagerness of the dis- 
cussion was the greater, the more hopeless the solution. For every 
man who set up an hypothesis upon the subject there were half a 
dozen others to knock it down; until at last speculation, which 
bore no fruit, was suspended. A lingering interest still hung 
around the question, whether matter was not infinitely divisible, 
and the atomic philosophers were not chasing a chimera. From 
every new decision on this single point there was an appeal, and 
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the foothold which the atoms had secured in chemistry was gradu- 
ally subsiding. Of a sudden, the atomic theory has gained a new 
lease of life. But the hero of the new drama is not the atom but 
the molecule. In all the physical sciences, including astronomy, 
the war has been carried home to the molecules: and the intellec- 
tual victories of this and the next generation will be on this nar- 
row field. From the outlying provinces of physics; from the sun, 
the stars and the nebule; from the comets and meteors; from the 
zodiacal light and the aurora; from the exquisitely tempered and 
mysterious ether; the forces of nature have been moving in con- 
verging lines to this common battle-ground, and some shouts of 
victory have ooo J been heard. In the long and memorable con- 
troversy between Newton and Leibnitz, and their adherents, as to 
the‘true measure of force, it was charged against the Newtonian 
rule that force was irrecoverably lost whenever a collision occurred 
between hard, inelastic bodies. The answer was, that nature had 
anticipated the objection and had avoided this kind of matter. 
Inelastic bodies were yielding bodies, and the force which had 
disappeared from the motion had done its work in changing the 
shape. But unless the body could recover its original figure b 
elasticity, there was no potential energy and force was annihilated. 
It is now believed, and to a large extent demonstrated, that the 
force, apparently lost, has been transformed into heat, electricity, 
or some other kind of molecular motion, of which the change of 
shape is only the outward sign. The establishment on a firm 
foundation of theory and experiment of the so-called conservation 
of energy, the child of the correlation of physical forces, is one of 
the first fruits of molecular mechanics. 

It is no disparagement of this discovery, on which was con- 
centrated the power of several minds, to call it an extension, 
though a vast one, of Newton’s law of inertia, of Leibnitz’s vis 
viva, and of Huyghens’ and Bernouilli’s conservation of living 
forces ; these older axioms of mechanics having free range only 
in astronomy, where friction, resistance and collision do not inter- 
fere. The conservation of energy, in its extended signification, 
promises to be, like its forerunners, a valuable guide to discovery, 
especially in the dark places into which physical science has now 
penetrated. The caution which Lagrange has given in reference 
to similar mechanical principles, such as the conservation of the 
motion of the center of gravity, the conservation of moments of 
rotation, the preservation of areas, and the principle of least 
action, is not without its applicability to the new generalization. 
Lagrange accepts them all as results of the known laws of me- 
chanics and not as the essence of the laws of nature. The most 
that physical science can assert is that it possesses no evidence of 
the destructibility of matter or force. 

It is not pretended that the existence of atoms has been or can 
be proved or disproved. Some chemists think that the atomic 
theory is the life of chemistry: others have abandoned it. Its 
importance is lost in that of the molecular theory. And what has. 
this accomplished to justify its existence? If we define the mole-- 
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cule of any substance as the smallest mass of that substance which 
retains all its chemical properties, we can start with the extensive 
generalization of Avogadro and Ampére, that the same volume of 
every kind of matter in the state of vapor, and under the same 
pressure and temperature, contains an equal number of such mole- 
cules. The conception of matter as consisting of parts, which are 
perpetually flying over their microscopic orbits and producing by 
their fortuitous concourse all the observed qualities of bodies, is 
as old as Lucretius, He saw the magnified symbol of his hypoth- 
esis in the motes which chase one another in the sunbeam. One 
of the Bernouillis thought that the pressure of gases might be 
caused by the incessant impact of these little masses on the vessel 
which held them. The discovery that heat was a motion and not 
a substance, foreshadowed by Bacon, made probable by Rumford 
and Davy, and rigidly proved by Mayer and Joule when they ob- 
tained its exact mechanical equivalent, opened the way to the 
dynamical theory of gases. Joule calculated the velocity of this 
promiscuous artillery, rendered harmless by the minuteness of the 
missiles, and found that the boasted guns of modern warfare could 
not compete with it. Clausius consummated the kinetic theory 
of gases by his powerful mathematics, and derived from it the ex- 
perimental laws of Mariotte, Gay-Lussac and Charles. By the 
assumption of data, more or less plausible, several mathematicians 
have succeeded in computing the sizes and the masses of the mole- 
cules and some of the elements of their motion. It should not 
be forgotten that mathematical analysis is only a rigid system of 
logic by which wrong premises conduct the more surely to an in- 
correct conclusion. To claim for all the conclusions which have 
been published in relation to the molecules the certainty which 
fairly belongs to some of them would prejudice the whole cause. 
One of the most interesting investigations in molecular mechan- 
ics was published by Helmholtz in 1858, It is a mathematical 
discussion of what he calls ring-vortices in a perfect, frictionless 
fluid. Helmholtz has demonstrated that such vortices possess a 
ey ones and an inviolability once thought to be realized only 
y the eternal atoms. The ring-vortices may hustle one another, 
and pass through endless transformations, but they cannot be 
broken or stopped. Thomson seized upon them as the imperson- 
ation of the indestructible but plastic molecule which he was 
looking for, to satisfy the present condition of physical science. 
The element of the new physics is not an atom or a congeries of 
atoms, but a whirling vapor. The molecules of the same substance 
have one invariable and unchangeable mass: they are all tuned to 
one standard pitch and, when incandescent, emit the same kind of 
light. The music of the spheres has left the heavens and conde- 
scended to the rhythmic molecules. There is here no birth or 
death or variation of species. If other masses than the precise one 
which represents the elements have been eliminated, where, asks 
Maxwell, have they gone? The spectroscope does not show them 
in the stars or nebule. The hydrogen and sodium of remotest 
space are in unison with the hydrogen and sodium of earth. 
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In the phraseology of our mechanics we define matter and force 
as if they had an independent existence. But we have no con- 
ception of inert matter or of disembodied force. All we know of 
matter is its pressure and its motion. The old atom had only 
potential energy ; the energy of its substitute, the molecule, is 
partly potential and partly kinetic. If it could be shown that all 
the phenomena displayed in the physical world were simply trans- 
mutations of the original energy existing in the molecules, phys- 
ical science would be satisfied. Where physical science ends, 
natural philosophy, which is not wholly expleded from our vocab- 
ulary, begins. Natural philosophy can give no account of energ 
when disconnected with an ever present Intelligence and Will. 
In Herschel’s beautiful dialogue on atoms, after one of the speak- 
ers had explained all the wonderful exhibition of nature as the 
work of natural forces, Hermione replies: “ Wonderful, indeed ! 
Anyhow, they must have not only good memories but astonishing 
presence of mind, to be always ready to act, and always to act, 
without mistake, according to the primary laws of their being, in 
every complication that occurs.” And elsewhere, “ Action, with- 
out will or effort, is to us, constituted as we are, unrealizable, 
unknowable, inconceivable.” The monads of Leibnitz and the de- 
mons of Maxwell express in words the personality implied in every 
manifestation of force. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysIcs. 


1. Fluoxyborie Acid.—Basarow has recently investigated, in 
the laboratory of Professor Wurtz, the acid discovered by Ga 
Lussac and Thenard in 1809, and by them called fluoxyboric acid, 
with the formula HBO,(HF),. The acid was prepared by satu- 
rating water with boron fluoride, obtained by heating in a plati- 
num retort a mixture of calcium fluoride and boric oxide with sul- 
phuric acid. The water readily absorbed the gas and yielded an 
acid having properties exactly described by its discoverers. On 
submitting it to fractional distillation, however, in a platinum 
retort, nothing but boron fluoride was evolved at 140° and below, 
and between 160° and 170°, there came over a fuming liquid, thick 
as honey and with a specific gravity of 1°777. From this point 
the density of the distillate steadily decreased, that coming over 
at 200° being 1°577. Redistillation from boric oxide increased this 
density. All the fractions save the last gave an abundant precipi- 
tate of boric acid on being mixed with water. From these data, 
Basarow concludes that fluoxyboric acid has no independent ex- 
istence, since it cannot be fractionated. He believes it to be only 
a solution of boric acid in hydrofluoboric acid, the analogy being 
complete between the reaction of BF, and that of Sif, with 
water; only in the latter case the silicate separates as a gelati-. 
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nous mass, and in the former the acid remains in solution. From 
the equation 

the relation of the old formula to Basarow’s view is shown. By 
repeated distillation from boric oxide, an acid of density 1°712 
was obtained from the above mentioned distillates, and analyzed. 
While the formula HBO,.(HF), requires boron 10°6, fluorine 54:8, 
and water 34°6 per cent, the author actually obtained boron 14°8, 
fluorine 47-0, and water 28°8 per cent as a mean of two analyses. 
These results confirm the above suspicion and prove that the flu- 
oxyboric acid of Gay Lussac and Thenard has no existence. In 
the course of his research Basarow observed that one c.c. water ab- 
sorbed at 0° and 762 mm. 1057 c.c. boron fluoride.— Bull. Soc. Ch., 
II, xxii, 8, July, 1874. G. F. B 

2. Ozone not produced by the Oxidation of the Essential Oils.— 
Ever since the discovery of ozone by Schénbein, our chemical text- 
books have repeated his statement that ozone is produced by the 
action of light upon oil of turpentine in presence of air. In order 
to obtain more definite knowledge upon the subject, Kinezerr 
has studied the question very dcsoeahie, and has been entirely 
unable to prove the production of ozone, as asserted. His first ex- 
periments were directed to ascertain the rate of absorption of 
oxygen by turpentine and similar bodies. He found, for example, 
that turpentine itself, in sunshine, absorbed 36°6 c.c. of oxygen 
daily, but in the shade only 0°6 c.c.; from air, 0°75 c.c. Oil of 
caraway absorbed 3 ¢.c. daily, oil of bergamot 3 c.c., oil of juniper 
2° c.c., oil of cubebs 2 ¢.c., oil of lemon 1:2 ¢.c., naphtha 0°7 ¢.c., 
and ether 0°19 ¢.c.; benzol showed no absorption during 
forty days. On agitating these oils, after the absorption, with 
potassium iodide and starch solution, the well-known blue colora- 
tion was more or less quickly developed. The color, however, did 
not appear at once, but, in the case of the bergamot especially, 
required several minutes. In confirmation of this test, an oxy- 

enized oil was found to color yellow a solution of potassium 
lodide, resting upon it, and on heating to 70°, to turn blue a piece 
of potassium iodide and starch paper, placed in the mouth of the 
test-tube containing the oil. The paper also became rapidly blue 
when moistened and placed over the oil contained in a clock-glass. 
On testing the substance formed for ozone, it was observed that 
neither lead or manganese paper was affected, nor were their solu- 
tions changed by actual contact with the oil; a mixture of sul- 
phuric and chromic acids, however, became violet. Confining now 
the experiments to turpentine, a quantity of this substance was 
placed in a bottle with an equal volume of water, air was slowly 
drawn through it for many hours, and it was allowed to stand 
several days in a shallow dish exposed to the air. The water, on 
examination, gave the blue coloration with starch paper, precipi- 
tated manganese dioxide from potassium permanganate, and pro- 
duced a violet coloration with chromic and sulphuric acids; but 
caused no change either in lead acetate or manganese sulphate. 
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The oil itself, even after washing, gave both the starch and the 
chromic acid tests. On repeating these tests in vacuo, no differ- 
ence was observed. Hence it appears that oxidized oil of turpen- 
tine contains, even after washing, a body with the reaetions of 
hydrogen dioxide. To test this hypothesis, the oil was treated 
with lead peroxide, manganese peroxide and sodium hyposulphite. 
All these substances 5 pen to destroy the active agent, but in 
a decreasing order. If attached oxygen be the active agent, it 
must be more stable than ordinary ozone, which is at once de- 
stroyed by the hyposulphite. Noticing that heat, so far from 
destroying the active agent, actually increased it, equal volumes 
of turpentine oil and water were distilled incompletely. The 
residual oil in the retort, which could now contain neither hydro- 
gen dioxide nor ozone, still gave strong reactions with the starch 
and chromic acid tests, as did also the residual water. Neither 
the oil nor the water of the distillate gave any coloration with 
either reagent. The active principle present can therefore be 
neither ozone nor hydrogen dioxide, but a body derived from the 
—— by the action of air and water upon it. Assuming it 
to be the hydrate of terpene oxide, C,,H,,O.H,O, zine chloride 
should destroy it. Accordingly, active turpentine was distilled 
with zinc chloride, and the active properties were entirely de- 
stroyed. That the effect was not due to the heat employed appears 
from the fact that, heated alone to 75°, the temperature at which, 
when treated with zinc chloride, it is destroyed, it remains still 
active. At the boiling point of the turpentine, 160°, it disappears. 
The author mentions in addition, two peculiar reactions of this 
active turpentine. In the one, the oil converted yellow mercuric 
oxide into a black powder, losing at the same time its activity. 
In the other, a mixture of the oil and acidulated water being 
electrolyzed, the oil was found to be inactive. In consequence of 
these results, the conclusion is that the active agent in turpentine 
oil exposed to light is hydrate of terpene oxide. Experiments 
are in progress to prove or disprove this conclusion.—J. Chem. 
Soe., II, xii, 511, June, 1874. G. F. B. 

3. Action of the Copper-zine Couple on the Chlorides of Ethy- 
lene and and TriBE have continued their 
researches on the action of the copper-zine couple discovered by 
them, upon organic bodies. In this paper, they describe its ac- 
tion on ethylene and ethylidene chlorides, which are isomers 
having the formula C,H,Cl,. The former had a specific gravity 
of 1:272 at 14°, and its refractive index for A was 1°4448. The 
latter—prepared from ethyl chloride by the action of chlorine— 
boiled at 61°, had a specific gravity of 1°201 at 13°, and its re- 
fractive index for A was 1°4183. The refraction equivalent of 
the ethylidene chloride was consequently 34°6, that of the 
ethylene chloride 34°5; theory gives 35. The action of the zinc 
couple alone upon either of these chlorides was trifling even at 
the boiling temperature. In presence of water a small action 
took place; and in presence of alcohol the action was more 
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energetic, especially on the ethylidene compound. Five cc. of 
this substance mixed with twice its volume of absolute alcohol 
was added to twice the usual quantity of the couple, and the 
whole heated to 60°-62° for ten hours and then to 80° for three 
hours more. The volume of gas evolved was 9382 c.c., the theo- 
retical yield being 989 c.c. There remained in the flask a viscid 
liquid, readily soluble in absolute alcohol. From this solution, 
water precipitated zinc oxide. The atomic ratio between the 
zine and chlorine was 1:1°08. This fact, together with the de- 
portment of the substance to heat, leave little room to doubt that 


the body is zinc chloroethylate “oe Zn. The evolved gas, 


except five per cent absorbable by fuming sulphuric acid, was 
etkyl hydride. The reaction appears, therefore, to be as follows: 


C,H, C1, + )+2n,=CH,+ Zn) 


Since the action of the couple upon ethyl chloride in presence of 
alcohol should produce, by analogy, ethyl hydride and zine chlor- 
ethylate, the result now obtained proves the somewhat unexpected 
fact that the replacement of an atom of hydrogen in the chloride 
by one of chlorine causes no other effect in the action of the cou- 
va than the production of a second molecule of the chlorethylate. 
robably, therefore, ethyl chloride is intermediately formed. 
Ethylene chloride, on the contrary, when heated in presence of 
the couple, in presence of alcohol, acts quite differently. Only 80 
c.c. of gas was evolved even after five hours heating, and the 
atomic ratio of zinc and chlorine in the resulting liquid was found 
to be 1:1°9. The action of the couple has enabled these two 
isomers to be clearly distinguished from each other and the con- 
stitution of the former to be fixed. It has also completed the list 
of the zine haloid derivatives.—J. Chem. Soc., Il, xii, 615, July, 
1874. G. F. 
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1. Notes on the new edition of Mr. Darwin’s work on the Struc- 
ture and Distribution of Coral Reefs (1874); by James D. Dana.* 
—Mr. Darwin, in the new and much improved edition of his work 
on Coral Reefs, mentions some points in the subject, on which he 
still finds reason to differ from the writer. I think that with 
regard to one or two of these points he has not fully understood 
my views; and, as to the others, that the arguments and facts 
which I have brought out have not received all the consideration 
they deserve. A review of some statements in his work may, 
therefore, be profitable. I follow the order of his criticisms as 
briefly stated in the first half of his preface. 


* The Structure and Distribution of Coral Reefs, by CHARLES Darwin, M.A., 
F.R.S., F.G.S. Second edition, revised. 263 pp. 12mo, with three plates. 
London, 1874. (Smith, Elder & Co.) 
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(I.) The second sentence of the Preface is as follows : 

“Tn this work [Dana’s Corals and Coral Islands] he [the author] 
justly says that I have not laid sufficient weight on the mean tem- 
— of the sea in determining the distribution of coral reefs ; 

ut neither a low temperature nor the presence of mud banks 
accounts, as it appears to me, for the absence of coral reefs through- 
out certain areas; and we must look to some more recondite 
cause.” 

The first two clauses of this sentence are true—the but between 
them being removed, as it may lead some readers to suppose the 
alternative mine. Yet Mr. Darwin’s work does not show that 
even now he appreciates the influence of oceanic temperature on the 
distribution of coral reefs. In his discussions on the distribution 
of reefs and the causes limiting the same, this agency, the chicfest 
with marine life, both for depth and surface, according to all 
zoologists, is scarcely mentioned. There is one allusion to the 
subject on page 81. Mr. Darwin says: “I at first attributed this 
absence of reefs on the coasts of Peru and of the Galapagos 
Islands to the coldness of the currents from the south, but the 
Gulf of Panama is one of the hottest pelagic districts in the 
world ;” and a note is added, giving some sea temperatures of the 
region referred to. Thus the cause is set aside even for the seas 
along the Peruvian coast, although the mean winter temperature 
of the water there is lower than exists in any reef region in the 
world, and is therefore sufficient of itself to exclude reefs. The 
fact that there are only small patches at Panama, where the tem- 
perature is tropical, does not annul the fact that the seas of Peru 
and the Galapagos are too cold for corals. Where temperature 
excludes, there is no use in discussing other unfavorable condi- 
tions. 

The causes limiting growth and the distribution of reef-making 
corals and coral reefs, which I have discussed and applied in my 
work, are seven in number. 

(1.) Marine temperature. 

(2.) Fresh and impure waters from the entrance of large rivers ; 
and muddy bottoms. 

(3.) Deposition of sediment borne by rapid tidal currents. 

(4.) The depth of water along coasts exceeding 100 feet, that is, 
exceeding the depth to which reef-corals may grow—a common 
condition along bold coasts, and often explaining, as I have found, 
the contrasts between the reef-bordered and open coasts of the 
same island. 

(5.) Exposure to the heat of submarine volcanic eruptions (pp. 
299-317). 

(6.) The progressing coral-island subsidence too rapid for the 
polyps to keep the reef well at the surface, if at all (p. 270): which 
cause may lead, in atoll seas, to very narrow fringing reefs; to 
small sizes in coral atolls and a more or less complete obliteration 
of the lagoon; and to a submerging of the coral island beneath 
the surface ; or, finally, to a complete disappearance of the island 
(pp. 332, 369). 
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(7.) The direction and temperature of oceanic currents (p. 112): 
this cause accounting for the non-distribution of central-Pacific 
species of corals to the Panama coast, and the paucity of species 
there, with the absence of the large Astrea group and the Madre- 

ores. 
On this last point I say in explanation, on page 112: “ Owing to 
the cold oceanic currents of the eastern border of the Pacific—one 
of which, that up the South American coast, is so strong and 
chilling as to push the southern isocryme [the line passing through 
points of equal mean oceanic temperature for the coldest month 
of the year] of 68°, the coral-sea boundary, even beyond the 
Galapagos, and north of the equator—the coral-reef sea, just east 
of Panama, is narrowed to 20°, which is 36° less of width than it 
has in mid-ocean; and this suggests that these currents, by their 
temperature, as well as by their usual westward direction, have 

roved an obstacle to the transfer of mid-ocean species to the 

anama coast.” For the same reason, the transfer of corals— 
warm-water species—from the West Indies or Bermudas, east- 
ward, to western Africa, is impossible. The width of the coral 
reef region on the African side of the Atlantic is only 15°, while 
it is 48° toward the American coast, and the tropical current is 
eastward. 

A proper understanding of the action of the various causes 
influencing the growth and distribution of polyps and reefs, which 
have been mentioned in the preceding paragraphs, may leave much 
less than has been imagined for that “ more recondite cause.” 

I did not think to include among the causes a too rapid wpward 
change of level—on which Mr. Darwin lays much stress. But I 
recognized the, fact that when a rise, like that which has occurred 
at the island of Oahu [putting an extended range of reef thirty 
feet out of water], takes place, and so divides the area of reef’ into 
an elevated and non-elevated portion, the latter will be, on this 
account, narrower than it would have been had the land been 
stationary. But the cause does not appear to me to have very 
many examples, 

(If.) The third sentence of the Preface reads thus: 

“ Professor Dana also insists that volcanic action prevents the 
growth of coral reefs much more effectually than I had supposed ; 
but how the heat or poisonous exhalations from a volcano can 
affect the whole circumference of a large island is not clear.” 
And this is followed by the remark: “ Nor does this fact, if fully 
established, falsify my generalization that volcanos in a state of 
action are not found within the area of subsidence, whilst they 
are often present within those of elevation.” 

In my discussion of this subject I have attributed the destruc- 
tion here referred to about islands of active, or recently active, 
volcanos, not to aerial eruptions, as might be suspected from Mr. 
Darwin’s words, but to submarine ; and I happen to have said 
nothing about “exhalations.” I have drawn my conclusions espe- 
cially from four examples (pp. 302, 305, 306), the island of Hawaii 
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(Sandwich Islands), about which recent eruptions, and partly sub- 
marine, have taken place on the east, sontboath, south and west 
slopes of the island, or through more than half of its circumference ; 
Savaii, the largest of the Samoan or Navigator Islands, and the 
last of the group to become extinct, as its lava streams show; the 
eastern half of Maui, whose great crater must have been recently 
in action, while the western half bears the fullest evidence of long 
extinction; and the northern extremity of the Ladrones. I state 
that reefs often occur on favored parts of even such volcanic 
islands, as they well might if submarine eruptions were the cause, 
and I mention examples; thus agreeing with Mr. Darwin’s criti- 
cism that “the existence of reefs, though scantily developed, and, 
according to Dana, confined to one part of Hawaii, shows that 
recent volcanic action does not prevent their growth.” My state- 
ment about that Hawaiian reef is worded thus: “the only spot of 
reef seen by us was a submerged patch off the southern cape of 
Hilo Bay.” Mr. Darwin cites an observation with regard to the 
occurrence also of reefs on the northern coast of Hawaii, which 
accords 7 with the principle I have laid down, since the 
northern part of the island is, as [ state in my Geological Report 
of the island, that which was earliest extinct, and is oldest in all its 
features, and therefore that which would not have been reached 
by the submarine eruptions. The western peninsula of Maui, or 
the old part, has its coral reefs, while the eastern, or part recentl 

active, has almost none. Savaii, in like manner, has coral reefs 
on its western and northern shores, while elsewhere without them. 

I failed to find evidence in the case of either of these volcanic 
regions that they are situated within areas of elevation rather 
than subsidence. Only ten miles west of Savaii lies the large 
island of Upolu, having very extensive reefs—on some parts of the 
north side duvvieste of a mile wide; and it has not seemed safe 
to conclude that, while Upolu thus bears evidence of no movement 
or of but little subsidence, Savaii was one of elevation; or that the 
north and west sides of Savaii have differed in change of level 
from the rest of the island. In the island of Maui, having reefs 
on its old western half, it can hardly be that the eastern peninsula 
has changed its level quite independently of the western. In the 
linear group of the Ladrones the active volcanos are at the north 
end; the islands of the group are very small at that end, without 
coral reefs, while large at the other and with broad reefs. One 
of them, Assumption Island, near which our Expedition passed, is 
only a small, steep, cinder cone, the vent of a submerged vol- 
canic mountain. Such facts afford, therefore, some reason for my 
statement that “the Ladrones appear to have undergone their 
greatest subsidence at the northern extremity of the range;” and 
no observations yet made suggest the contrary view. 

The general proposition, that active volcanos are absent from 
areas of subsidence appears to me to need better proof than it has 
received. As regards the Pacific Ocean, I have found nothing to 
sustain it. The subsidence of the coral island area of the ocean 
was one of so vast extent—the breadth 4000 miles, according to 
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Mr. Darwin—that the sinking could have been no obstacle to the 
existence and cotemporaneous working of volcanos. 

(III.) The next point in the Preface is a right correction of a 
misunderstanding on my part of one of Mr. Darwin’s statements. 
It says: “ Professor Dana apparently supposes (p. 320) that I look 
at fringing reefs as a proof of the recent elevation of the land, 
but I have expressly stated that such reefs, as a general rule, indi- 
cate that the land has either long remained at the same level, or 
has been recently elevated. Nevertheless, from upraised recent 
remains having ine found in a large number of cases on coasts 
which are fringed by coral reefs, it appears to me that, of these 
two alternatives, recent elevation has been much more frequent 
than a stationary condition..” 

When my work passes to a second edition, I shall make the 
needed correction. 

But 1 still hold that, while barrier reefs, as Mr. Darwin urges, 
are proofs of subsidence, small or fringing reefs are in themselves 
no certain evidence of a stationary level, and are often evidence 
of subsidence, even a greater subsidence than is implied by barrier 
reefs. I have already stated that one cause limiting distribution 
of reefs is bold shores, a wall of rock of even a hundred and fift 
feet producing a complete exclusion, If Tahiti were to subside 
two thousand feet, it would be an island of precipitous shores all 
around, like the Marquesas, instead of one with broad shore planes. 
Such bold shores are evidence of subsidence; and as only very 
small reefs, if any, could find footing about such an island, the 
narrow reef would be another consequence of the subsidence, and 
no evidence of a stationary condition. Again, the gradual sinking 
of an atoll, like the Gambier group, or of a Tahiti with its barrier 
reefs, at a rate a little fast for the growing corals, would neces- 
sarily contract the reef region, reduce the barrier reefs of a 
Tahiti to narrow fringing reefs; and make an atoll, however 
large, a small atoll with the reef-border narrow and the lagoon 
perhaps obliterated. An atoll thus reduced to a sand bank 1s an 
example of the effects of subsidence, and affords no evidence of 
elevation or of a long stationary condition of the region; and the 
same may be true of a region of narrow fringing reefs. I landed 
on two of the small coral islands of the equatorial Pacific which 
are in just the condition here described; and my book contains 
descriptions of others from a good observer, J. D, Hague, who 
resided on them several months “ for the purpose of studying the 
character and formation of the deposits” of guano. I found the 
depression of the old lagoon, in one case partly, in the other 
wholly, ay and I found also that the living reefs around were 
narrow. Mr. Darwin inclines to regard islands of this kind as 
either evidence of no movement, or, of elevation. On the con- 
trary, since the coral-islands of the south Pacific diminish in size 
toward the region of these small islands, and since the region 
just beyond, to the north and northeast, is free from islands, and 
since all the features are such as would come to them from a con- 
tinuation of the coral island subsidence to its nearly fatal end, 
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I believe still that I was right in considering the ocean bottom in 
this part to have undergone a general subsidence greater than 
that to the south, southwest and west, where the atolls and barrier 
reefs are large. 

Again, if submarine eruptions are destructive, narrow reefs may 
exist about volcanic islands that are undergoing a subsidence. 
Making a reef is slow work; and, judging from the eruptions of 
the present century about Hawaii, reefs would have had a poor 
chance in the past to form, except along the coasts that were out 
of reach of the submarine action. 

With so many causes for the existence of narrow or fringing 
reefs, or of small patches of corals, it is assuredly unsafe to make 
them, without other corroborating testimony, evidence of a sta- 
tionary condition of a region, or of an elevating movement rather 
than a subsiding. 

(1V.) The next point in the Preface is stated as follows: 

“Profesor Dana further believes that many of the lagoon 
islands in the Paumotu or Low Archipelago and elsewhere have 
recently been elevated to a height of a few feet [elsewhere stated, 
two or three feet] although formed during a period of subsidence ; 
but I shall endeavor to show, in the sixth chapter of the present 
edition, that lagoon-islands which have long remained at a sta- 
tionary level often present the false appearance of having been 
slightly elevated.” And, in the body of the work, where the sub- 
ject is taken up (p. 168), Mr. Darwin remarks that my belief in 
these small local elevations is grounded chiefly on the shells of 
Tridacnas embedded, in their living positions, in the coral rock at 
heights where they could not now survive. 

he catalogue of such elevations which I give—after a dozen 
pages devoted to a discussion of the evidence respecting each—is 
as follows: 


Metia or Aurora, 
Ducie’s, 


Mitiaro, 

Mangaia, 

Rurutu, 

Remaining Islands, 


Savage Island, 
Samoan or Navigator Islands, 
North of Samoa, Swain’s, 
Fakaafo, or Bowditch, 
Oatafu, or Duke of York’s, 


‘ae 
fie 
Hervey and Ruruta Groups, Atiu, ............................ 12? 
“ “ “ “ “ “ 
“ “ “ 150 
“ “ “ “ 0? 
300? 
Mamuke and the Hapsii, ........... 25 
100 
0 
2 or3 
3 
2or3 
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Starbuck’s, 
Penrhyn’s, 


Phoenix and McKean’s, 
Enderbury’s, 
Newmarket, 
Gardner’s, Hull’s, Sydney, Birnie’s, - - 
Viti Levu and Vanua Levu, Ovalau, - 
Eastern Islands, 

North of Feejees, Horne, Wallis, Ellice, Depeyster, ---- 

Sandwich Islands, Kauai, 

“ “ 


“ 
“ 


Gilbert Islands, 
“ “ Nonouti, Kuria, Maiana and Tarawa, 3 or more. 
5 


Apamama, 
Apaiang or Charlotte, 


Of the cases of elevation here included, in only two are shells 
of Tridacnas alluded to; these are Honden Island and Clermont 
Tonnerre, in the Paumotus. It is not necessary to go over the 
evidence for the several cases, as it is stated at length in my 
work. 

Mr. Darwin, while speaking on the subject of local elevations, 
on p. 176, and discussing the facts as regards the Samoan (Navi- 

ator) Islands, adds that “in another place he [Mr, Dana] says 
p. 826) that some of the [Samoan] islands have probably sub- 
sided.” From the remark the reader would infer that this Samoan 
subsidence was a local subsidence, like the elevations under con- 
sideration. But in fact my statement is in a chapter on the 
eneral coral-island subsidence, and, on the page there referred to 
p. 326), I cite Mr. Darwin’s conclusions as to the Gambier Island 
subsidence, and put with it my own from the width of the reefs 
of Upolu and other reef-bordered islands. At the same place I 
allude to the greater subsidence of Tutuila—the island next to 
the west, as proved by its bold shores and small reefs. 


In conclusion, if I differ widely, for the reasons above stated 
from Mr. Darwin, as to the limits of the areas of subsidence and 
elevation in the Pacific, and believe that the new edition of his 
work shows little appreciation of some of the most important 
causes that have limited the distribution of coral reefs, I have, as 
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I say in my work, the fullest satisfaction in his theory for the 
origin of atoll and barrier forms of reefs, and in the array of facts 
of his own observation which illustrate the growth of coral for- 
mations. 

2. The Mineralogical and Geological Collections of the late Dr. 
Gerard Troost, formerly of Nashville, Tenn., have been purchased 
for the sum of $20,000 by the Trustees of the Public Library in 
the city of Louisville, Ky. Dr. Troost’s well known cabinets, the 
fruits of more than forty years of industrious collecting, contains 
13,582 specimens in mineralogy, 2,815 organic remains, between 
2,000 and 3,000 rock specimens, besides a considerable collection 
of modern shells and some archeological specimens. The miner- 
alogical collection is catalogued and minutely described in two 
large manuscript volumes. 

3. Mineralogical Contributions of G. vom Rath, of Bonn. 
No. xiii. (Pogg. Ann., clii, 1874.)—This new number of Vom 
Rath’s mineralogical papers contains notes on the crystallization 
of Tridymite; on a crystal of calcite from the amygdaloid of the 
Lake Superior region; a peculiar twinning of rutile and hematite; 
remarkable crystals of artificial native copper; hypersthene of 
Mount Dore in Auvergne; on Foresite, a new zeolite from the granite 
of Elba; and the notes at the close contain observations on some 
triclinic feldspars, and on crystals of cordierite, from Lake Laach. 
The article is illustrated by a large plate containing numerous 
excellent figures of the crystals described. A large part of them 
represent remarkable twins of the species tridymite. The new 
zeolite, Foresite, is orthorhombic, and near stilbite in form, with 
avery distinct, pearly cleavage parallel to 7%. Octahedral faces 
on the summit make an angle of about 121° with 7-2 and 132° with 
0. G=7'403—°7407 (at 170° C.), A mean of the analyses gives 
silica 49°96, alumina 27°40, lime 5°47, magnesia 0°40, potash 0°77, 
soda 1°38, water 15°07; from which the oxygen ratio for the pro- 
toxide, alumina, silica and water is 1:6: 12:6. 

4. Fifth Annual Report of the Geological Survey of Indiana, 
made during the year 1873; by E. T. Cox, State Geologist ; 
assisted b Joun Covert, Professor W. W. BorpEen 
and Dr. G. M. Levetrr. 494 pp. 8vo, with four maps.—This 
volume opens with a Report on the Vienna Exposition of 1873, to 
which Mr. Cox was Commissioner from Indiana; and a chapter 
on Spiegeleisen Manufacturing by H. Hartmann. After these 
follows the Geological Report, in which the geology of several of 
the counties of the State is described, and information is given 
respecting various mineral products of economical importance, 
with analyses of iron ores, limestones and hydraulic cement rocks, 

5. Paleozoic Fossils. Vol. Il, Parti. By E. Brrxres, F.G.S., 
Paleontologist of the Geological Survey of Canada under ALFRED 
C. Setwyn, Director. 144 pp. 8vo, with 9 oa plates of 
figures of fossils.—Mr. Billings continues in this volume the pub- 
lication of his very valuable paleontological labors connected with 
the Geological Survey of Canada. It treats of fossils of the Gaspé 
series of rocks (which are Upper Silurian and Devonian in age) ; 
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on new fossils from the Primordial of Newfoundland; on the 
genus Stricklandinia, and the Canadian species; on the structure 
of the Crinoidea, Cystidea and Blastoidea ; on some fossils of the 
Arisaig series of rocks (Nova Scotia Upper Silurian). 


6. Revision of the Genera and Species of the Tulipee ; by J. G. 
Baker, F.L.S. Jour. Linn. Society, 14, no, 76, July, 1874.—This 
important monograph fills almost a hundred pages of the Linnean 
Society’s Journal. It is prefaced by an instructive account of the 
structure of the flowers, fruit, and especially of the bulbs of this 
group. Mr. Baker remarks that: “The group now under considera- 
tion has never an introrse dehiscence of the anther, and in this re- 
spect recedes from the typical Liliacee, as I intend to explain more 
fully further on.” Yet we find it nowhere explained how there 
can be any more typical Liliacee than Lilium itself and its nearest 
allies. As might be expected, he is “now quite satisfied” that 
Liliacee and Colehicacee are not to be ordinally separated, b 
considerations drawn from the Liliaceous side,—a conclusion whic 
study of the Melanthaceous and other genera will be likely to 
confirm. 

The Tulipaceous genera are here reduced to six: Fritillaria, 
with 55 admitted species, Zudipa with 48, Lilium with 46, Calo- 
chortus with 21, Erythronium with 5, and Lloydia with 4 spe- 
cies. Nearly all inhabit the northern hemisphere; TZulipa be- 
longs wholly to the Old World, and Calochertus to the western 
part of the New. The Lilies appear to be well disposed under five 
subgenera, and the characters of the bulbs Piay a conspicuous 
part in specific definition. Dr. Kellogg’s Z. Washingtonianum of 
California is our sole representative of the Hulirion subgenus; L. 
Philadelphicum and L. Catesbwi, of Isolirion; while of the Mar- 
tugon section we rejoice in LZ. Canadense of the east, with three 
Californian or Pacific varieties appended ; Z. pardalinum Kellogg, 
with three appended varieties, one of which, Bourgwi, from Lake 
Winnipeg, needs further looking to, being far out of range; Z. 
superbum, with L. Carolinianum Michx. as a variety (the flowers 
of this, as we know it, are often smaller than in the larger forms 
of Z. Canadense, and the bulbs of the two by no means so distinct 
as the character would imply); Z. Roezlit of Utah, and the coast 
range of California, said to be known by its narrow acute perianth- 
segments; L. Columbianum of Hanson, from Oregon, said to be 
distinguished from the smaller Z. Canadense mainly by the want 
of rhizoma to the bulb; and Z. Humboldtii of Roezl, to which 
Kellogg’s Bloomerianum is referred. 

Of the ten subgenera of Fritillaria, six have tunicated bulbs 
and belong to the Old World—with one exception, if we follow 
Mr. Baker. For he refers to his third subgenus our American 
F. pudica (Lilium? pudicum Pursh, and Amblirion pudicum 
Raf.), and accordingly gives to that coated-bulbed subgenus 
Rafinesque’s name, Ambiirion. If he has really verified this 
character in our pretty little species, all is well; but the bulb 
certainly appears to have the same structure as the other Ameri- 
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can species, viz: a solid body producing numerous granules or 
granular scales. The eight remaining American Fritillarie are 
distributed among three subgenera, which as to our species will 
hardly hold good. We do not reckon Ff. alba of Nuttall’s Genera, 
which is doubtless a Calochortus, and probably C. Nuttallii. 
The Crown-Imperial (Petilium), Asiatic and with scaly bulb, 
forms the tenth subgenus. 

Erythronium has a majority of American species. The key 
confines Z. grandiflorum to yellow flowers, which does not accord 
with most of the Californian, and seemingly also of the Oregon 

lants referred to this species.  propullans is remarkable for 
its small flowers as well as for the remoteness of the new bulb. 
After what has been done for Calochortus by Mr. Watson in this 
country and Mr. Baker in England, we may soon hope to under- 
stand this attractive but still difficult genus. The section Cyclo- 
bothra, being restricted to Mexican species, with fibrose-tunicated 
bulbs and narrow pods, the northern ones before referred to it 
constitute Baker’s section Muacrodenus ; and he distributes Calo- 
chortus proper, with membranous bulb-coatings, into two subgenera, 
Platycarpus, with an oblong capsule, and Mariposa (an apt use of 
the Californian popular name, meaning butterfly), with narrow 
pods,—a difference which is seldom available at flowering-time, 
and apparently of barely specific importance. Ofthe species there 
is somewhat yet to be said and done; but Mr. Baker is heartily 
to be ened for this as well as for other parts of his valuable 
elaboration of Liliacee. A. G. 

7. Asexual Growth from the Prothallus of Pteris Cretica.—Dr. 
Farlow’s paper, published last spring in the 10th volume of the 
Proceedings of the American Academy of Arts and Sciences, has 
been reprinted in the current (14th) volume of the London Jour- 
nal of Sivmmepheal Science, with a few additions by the author. 
The figures are neatly reproduced in two plates. The correction 
as to the species of Pteris concerned is here made, in the title and 
elsewhere. When first published the plantlets were supposed to 
be P. serrulata, but the correction was appended in a note in the 
Proceedings of the American Academy. We are sorry to find 
that, through some editorial oversight, or the want of it, the fact 
that this paper is reprinted from the American Academy’s Pro- 
ceedings, vol. 10, is not stated. The author of the paper has now 
returned to this country, and we understand will take charge of a 
laboratory for Cryptogamic Botany in Harvard University. a. «. 

8. Zizania aquatica, the Indian Rice, as appears from Gardeners’ 
Chronicle for August 1, is a new mantel for paper, of much 
promise. Other grasses have been more or less used; but we 
were not aware of the employment of Zizania. The British 
market is to be a from Upper Canada (Ontario), by a 
company organized for the purpose. 

9. Botany of S. Pacific Exploring Expedition under Admiral 
Wilkes.—More than a dozen years ago, the Library Committee of 
Congress began the printing of the 17th volume of the results of the 
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U.S. Exploring Expedition under Commodore Wilkes. It was de- 
voted to the lower Cryptogamic Botany and the general botanical 
collection made on our Pacitic coast, from Puget Sound to San Fran- 
cisco. The earlier part of the volume was printed in or before the 
year 1862. It contained, 1, the Mosses, by the lamented Sullivant, 
who secured a small separate edition with letter-press in folio, to 
match the plates: a few copies of this are still to be had. 2. The 
Lichenes by Professor Tuckerman; the Alge by the late Profes- 
sors Bailey and Harvey; the Fungi (only 31 species) by the late 
Dr. Curtis and Mr. Berkeley. The present writer secured some 
extra copies of this portion, and also of the plates of the portion 
next to be mentioned, and distributed them so as to make them 
generally known among botanists. A year and a half ago, shortly 
before the lamented death of Dr. Torrey, the MSS. of his report 
on the Phenogamous plants of our Pacific coast was called for: it 
has been carried through the press since the author’s death. The 
present writer secured a small edition, and has had these parts, 
with the large folio plates (folded), made into a bound volume, 
entitled U. S. Exploring Expedition Botany. 1. Lower Crypto- 
gamia, Il. Phanerogamia of the Pacific coast of North America. 
It is an imperial 4to, of 420 pages of letter-press, and 29 plates. 
Only 20 copies are on sale, with Westermann and Co. in New 
York, and at the Herbarium of Harvard University, Cambridge. 
From the same may be obtained a very few copies of the Musci 
of the expedition, by Sullivant, which properly belongs to the 
same volume, but of which the letterpress was made up in double 


columns into imperial folio pages and bound with the plates into 
a substantial volume. The government copies of the volume, only 
one hundred in number, are not to be had, having been all pre- 
sented to foreign courts and State authorities. A. G. 


III. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Territorial School of Mines, Colorado.—A school of mines 
has been established by the Territorial Government at Golden, 
Colorado, one of the best places in the country for practical in- 
struction. E. J. Matxert, Jr., is Dean of the Faculty and in- 
structs in Theoretical Engineering; E. L. Brerruoupn, in Civil 
Engineering and Geology; R. Pearce, in Theoretical and Practi- 
cal Metallurgy ; J. Pooxx, in the Mechanical Preparation of Ores ; 
F. Scumipt, in Mathematics, German and Spanish, and A. Laxgs, 
in Free-hand and Mechanical Drawing. 

2. Alexander Wilson.— A statue of Alexander Wilson, the 
re will, in a few weeks, be erected within the burying- 
ground of the abbey of Paisley, and within a few minutes’ walk 
of the spot where he was born.—Atheneum, June 27. 

3. Sixth Annual Report on the Noxious, Beneficial and other 
Insects of the State of Missouri. Made to the Board of Agricul- 
ture by C. V. Rirey, Entomologist. 170 pp. 8vo. Jefferson City, 
Missouri.—A valuable report economically and scientifically. The 
numerous woodcuts are unusually good, and, with few exceptions, 
are from drawings by the author. 
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4, Half Hours with Insects.—Prof. A. 8. Packard, Jr., is con- 
tinuing his chapters on Insects, in the Half-Hour Recreations in 
Natural History of Estes & Lauriat. The third part (out of the 
twelve to be issued) treats of the Relations of Insects to Man. 

5. British Association.—Detailed reports of the papers read at 
the meeting will be found in Nature, now issuing, commencing 
with No. 251, August 20th, which contains Prof. Tyndall’s address. 

6. Dana’s Manual of Geology.—An engraver’s mistake which 
was corrected in the stereotype plates of the first edition of this 
work, has passed without correction in the first issue of the second. 
In the map of England on page 344, 8 should be 9, and 9 should 
be 8. It will be made right before printing again. 


OBITUARY. 


Death of Prof. Jerrrres Wyman.—This most estimable man 
and most excellent naturalist—facile princeps of American com- 
parative anatomists—died suddenly at Bethlehem, N. H., on the 
4th inst., and his mortal remains were committed to the earth in 
Mount Auburn on the 8th. He was born at Chelmsford, Mass., 
August 11, 1814, and had, therefore, just completed sixty years of 
age. He was graduated at Harvard University in 1833, took 
his medical degree in 1837, pursued his medical, and especially 
anatomical and zoological, studies at Paris for two years, when, 
returning to Boston, he was for a few years curator of the Lowell 
Institute. Here he delivered two courses of lectures on compara- 
tive anatomy and physiology (one of which was published) ; and 
here he first developed those admirable gifts as a scientific instruc- 
tor which made him such a favorite with all serious students,—the 
gfit especially of lucid and well-ordered exposition, from which all 
adventitious matters were rigorously excluded. In 1844, he ac- 
cepted the chair of anatomy and physiology in the medical school 
at Richmond, Virginia, a branch of Hampden-Sidney College. In 
1847, after the death of Dr. Warren, he was reclaimed by his 
alma mater, and made Hersey Professor of Anatomy at Cam- 
bridge, Dr. Holmes having been appointed to the chair in the 
medical school in Boston. Prof. Wyman’s position secured to 
him a good opportunity for prosecuting his researches, and for 
building up the museum of comparative anatomy—the objects 
which he had most at heart—but only a slender salary. After a 
time, however, this was increased b the judicious gift from a late 
citizen of Boston, who recognized Prof. Wyman’s great value to 
the university and to science, and who stipulated that the income 
of his endowment should be paid to Prof. Wyman throughout his 
life, whether he held the professorial chair or not. He fulfilled 
its duties most acceptably, down to a recent period, when his state 
of health, for a long time delicate, and of late requiring a milder 
winter climate, demanded the abridgement, and at length the ces- 
sation, of his lectures and class work. But he merely changed the 
kind of work. When the Peabody Museum of American Arche- 
ology and Ethnology was established, the founder made Prof. 
Wyman one of his trustees, and the board committed the incipient 
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museum to his charge and direction. The seven annual reports 
which he has drawn up and published—the last only a few weeks 
before his lamented decease—and, still more, the museum itself, 
which already takes high rank among such establishments, testify 
to his devotion and rare ability. Whatever this museum may 
become in after years—and much may be hoped of its future—it 
must, for a long while, be Prof. Wyman’s memorial, equally with 
that of its founder. Means have been wisely and liberally 
provided, and his associates have done their part; but the mu- 
seum has been created by Prof. Wyman. Arranged by his own 
unaided hands, it bears throughout the impress of his untiring 
and conscientious labor, scrupulous accuracy, and orderly and 
sagacious mind. 

We cannot here undertake to recount his written contributions 
to science. They are mainly contained in the Journal and Pro- 
ceedings of the Boston Natural History Society, of which he 
was for more than a dozen years the faithful president; in the 
Smithsonian Contributions to Knowledge, and in the pages of our 
own Journal, That they were not more numerous and important 
than they are must be attributed, partly to the insidious disease 
which for years has sapped his strength, partly to over-caution 
and the desire of completely mastering whatever he undertook, 
partly to a very dispassionate and unambitious temperament. He 
was one of those rare men who, in more than one sense, are “ not 
easily provoked.” Although his judgment—as keen as cool—was 
always wakeful, and his love of exact truth pervading, it is not 
remembered that he ever had a controversy. It was said by an 
experienced judge of character, who knew him long and inti- 
mately, that the Beatitudes ought to be read at his funeral, for 
few, within his knowledge, had so nearly exemplified them. 

Professor Wyman had suffered from pulmonary disease for 
many years, and his life has of late been very precarious. But 
the present year seemed, on the whole, assuring to his friends of a 
longer respite, when a hemorrhage of the lungs suddenly termi- 
nated his most useful and honorable career. He leaves two 
daughters, children of his first wife, and a youthful son by his 
second wife, who did not long survive the birth. A. G. 


Third Report of the Meteorological Office of the Dominion of Canada, for the 
fiscal year ending June 30th, 1873; by G. T. Kingston, M. A., Superintendent. 

Report for the determination of the Astronomical Coordinates of the Primary Sta- 
tions at Cheyenne, Wyoming Territory, and Colorado Springs, Colorado Territory, 
made during the years 1872 and 1873: Geographical and Geological Explorations 
and Surveys west of the Hundredth Meridian; First Lieut. G. M. WHEELER, Corps 
of Engineers, in charge. Dr. J. Kampr and J. H. CLARK, civilian, astronomical 
assistants. 82 pp. 4to. Washington, 1874. 

Psyche. Organ of the Cambridge Entomological Club. Vol. i, No.1. 4 pages 
8vo. Cambridge, Mass., May, 1874. 3B. Pickmann Mann, Editor.—This first num- 
ber of Psyche contains a prospectus, a list of the English names of butterflies, 
the titles of a few recent works, a brief note on the discovery of a specimen of 
Nymphalis Milberti, and another announcing that Hentz’s papers on spiders are to 
be reprinted in a single volume by the Boston Society of Natural History, and 
edited by Mr. E. Burgess. 
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